State of California
The Resources Agency
DEPARTMENT OF WATER RESOURCES
Division of Planning and Local Assistance

Lower Butte Creek - Sutter Bypass
Weir No. 2 Fish Passage Project

Preliminary Engineering
Technical Report

December 2003
Arnold Schwarzenegger Michael Chrisman Linda S. Adams
Governor Secretary for Resources Director

State of California The Resources Agency Department of Water Resources



Copies of this report are available without charge from:

State of California
Department of Water Resources
P.O. Box 942836
Sacramento, CA 94236-0001

If you would like this report in an alternate format, contact the above address or call our
Equal Opportunity and Management Investigations Office
TDD: 1-800-653-6934
Voice: 1-800-653-6952



State of California
The Resources Agency
DEPARTMENT OF WATER RESOURCES
Division of Planning and Local Assistance

Lower Butte Creek - Sutter Bypass
Weir No. 2 Fish Passage Project

Preliminary Engineering
Technical Report

December 2003
Arnold Schwarzenegger Michael Chrisman Linda S. Adams
Governor Secretary for Resources Director

State of California The Resources Agency Department of Water Resources



Foreword

Declining salmon and steeihead populations have led to increased efforts to
implement restoration activities to preserve and enhance their populations, while
respecting the needs of the various stakeholders. More than $25 million has been
invested in fish passage and screening projects in the middle reaches of Butte Creek,
resulting in dramatic increases in returning adult anadromous fish populations. The
continued success of those projects can be assured through completion of fish passage
improvements in the lower reaches of the complex Butte Creek system. The Lower
Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project is a part of these efforts.
The objective of this project is to enhance Butte Creek’s anadromous fish populations
by improving fish passage past Weir No. 2 over a greater range of flows.

This report summarizes the findings of the California Department of Water
Resources (DWR) preliminary engineering investigation of fish passage solutions at
Lower Butte Creek - Sutter Bypass, Weir No. 2 near Yuba City, California. Included in
this report are preliminary design drawings and cost estimates for project alternatives,
discussion of the physical and operational characteristics of the alternatives, summary
of construction issues and final design criteria. Attached appendices include meeting
notes, hydrologic data, a structural evaluation, a preliminary geologic investigation
memorandum, and a preliminary environmental evaluation summary. Proposed
structural modifications include reconstructing Weir No. 2 and constructing a new full lce
Harbor fish ladder.

This study was funded by the Department of Water Resources’ Fish Passage
Improvement Program (FPIP).

D WG T PM

Dwight P. Russell
Chief
Northern District
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Recommendations
The California Department of Water Resources has completed a preliminary
engineering investigation of fish passage solutions at Weir No. 2 on Lower Butte Creek
in the Sutter Bypass.

The Weir No. 2 Technical Working Group recommends advanced engineering of
the following:

e Full Ice Harbor fish ladder
e New Weir No. 2 structure with 3 spillway gates

viii



Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project

REGISTERED ENGINEERS’ STAMPS

The technical information contained in this preliminary engineering technical report has
been prepared by or under the direction of the following registered engineers.

Date: 12 Z? f/ 2007




Abbreviations and Acronyms

AFRP Anadromous Fish Restoration Program
cfs cubic feet per second

CMM Current Meter Measurement

DFG California Department of Fish and Game
DFM Division of Flood Management (of DWR)
DOE Division of Engineering (of DWR)

DWR California Department of Water Resources
EBC East Borrow Canal

FPIP Fish Passage Improvement Program (of DWR)
GPS Global Positioning System

NAD North American Datum

NAVD North American Vertical Datum

ND Northern District (of DWR)

NMFS National Marine Fisheries Service

SMY Sutter Maintenance Yard

SNWR Sutter National Wildlife Refuge

USBR United States Bureau of Reclamation
USED United States Engineering Datum

USFWS United States Fish and Wildlife Service



Introduction

This report summarizes the findings of the Department of Water Resources
(DWR) preliminary engineering investigation of fish passage solutions at DWR Weir No.
2 along the East Borrow Canal (EBC) of the Sutter Bypass near Yuba City, California
(Figure 1). Included in this report are preliminary design drawings, cost estimates,
discussion of the physical and operational characteristics of the alternatives, summary
of construction issues, and final design criteria. Attached appendices include technical
design team meeting notes, hydrologic data, a preliminary geologic investigation
summary, a cultural resources summary, and an environmental summary.

Project Location and Access

The Weir No. 2 project area is located in Sutter County in the EBC of the Sutter
Bypass (Figure 1), approximately 27 miles upstream of the confluence of the
Sacramento and Feather rivers. The project area is on State of California, Reclamation
Board property.

Access for construction would be from Highway 20 at Acacia Road, proceed
south about 1 mile to the Franklin Road bridge over Wadsworth Canal, cross the bridge
and proceed southwest on the south levee for approximately 1% miles, the levee then
turns southeast, proceed approximately 0.9 mile to Weir No. 2. Additional access is
available from Highway 99 to Bogue Road, to McClatchy Road to Weir No. 2 or from
Highway 99 to Oswald Road to Hughes Road to Weir No. 2.

Project Background

Declining salmon and steelhead populations have led to increased efforts to
develop restoration activities to preserve and enhance these populations, while
respecting the needs of various stakeholders. The Lower Butte Creek - Sutter Bypass,
Weir No. 2 Fish Passage Project is a part of that effort. The objective of the project is to
enhance Butte Creek’s anadromous fishery by improving fish passage over a greater
range of flows.

Adult anadromous fish migrate from the Pacific Ocean, up the Sacramento River,
and through Lower Butte Creek, to their spawning grounds in Upper Butte Creek near
Chico, California. Some fish enter the Lower Butte Creek system through Sacramento
Slough and travel up the Sutter Bypass West Borrow Canal (WBC) to its confluence
with Willow Slough. From Willow Slough, fish can cross over to the Sutter Bypass EBC
where Weir No. 2 is located. Fish from both borrow canals reunite near the upper end
of the Sutter Bypass at Butte Slough. Fish can also enter the Butte Creek system
through the Butte Slough Outfall gates at the Sacramento River near Colusa, and
continue their journey upstream to the cool holding pools and spawning grounds.
Juvenile fish follow the same general route back to the ocean.
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Weir No. 2, which is owned and operated by DWR, was originally an earthen
dam that was replaced by a timber flashboard dam in 1925 after being washed out by
floods. The timber flashboard dam was replaced with concrete piers in 1946 (Figure 2).
The existing structure has an approximately 4-inch thick slab foundation with cutoff
walls at the upstream and downstream ends. There are 11 concrete piers about 9
inches thick, 14.5 feet long, and 13 feet high. Twelve bays about 6 feet wide with
flashboards control the stage upstream of Weir No. 2 (Figure 3). The concrete piers
appear to have been built on the original 1925 foundation. An inspection of the
structure confirmed details of the existing foundation with plans from 1925. A pool and
weir fish ladder exists at the right abutment of Weir No. 2 and has four 4-foot wide weirs
and two v-notch weirs (Figure 4 and 5). Upstream passage through the fish ladder is by
jumping over weirs since it does not contain orifices.

Purpose and Need for Project

Improvement to Weir No. 2 is an integral part of the overall restoration efforts in
the Butte Creek System. The Weir No. 2 fish ladder is one of a number of fish passage
facilities in the Butte Creek system that has not been updated in recent years. The
large number of fish passage and screening projects already completed has decreased
delays and losses of migrating anadromous fish. Improving migration through the
Lower Butte Creek system is critical to the continued success of these projects.

The objective of this project is to reduce losses of adult and juvenile anadromous
fish from the Lower Butte Creek system. The existing weir and fish ladder structures
have been in place for more than 50 years and are outdated. The existing pool and
weir fish ladder does not meet today’s standards for fish ladders and its entrance is
poorly oriented to spills over Weir No. 2 (Figure 6). Passage is difficult at best with the
existing ladder due to its low flow capacity and lack of sufficient steps. Water surface
differences between pools are commonly around 2 feet.

The Weir No. 2 structure has been in place for more than 50 years and likely
rests on a foundation constructed in 1925. The wear and deterioration that has
occurred over the years has taken its toll on the structure to the point that maintaining a
normal operating stage upstream for diversions and a fish ladder may not be possible
during low flow periods. Excessive leakage for a typical flashboard structure and
recently discovered physical defects indicate that Weir No. 2 needs major repairs or
rebuilding.



we .

. Eisting eir No

-2 (looking upstream)




Fgu:re 4. Rectangular weir of the existing f:igure 5. V-ntch of th xisting
pool and weir fish ladder pool and weir fish ladder

Figure 6. Existing fish ladder entrance



Project Alternatives

DWR, Northern District (ND), was funded by DWR’s Fish Passage Improvement
Program (FPIP) to provide preliminary engineering designs and cost estimates for fish
passage alternatives at Weir No. 2 in the EBC of the Sutter Bypass. Several
stakeholder meetings were held with representatives of Ducks Unlimited, water districts,
and local, State, and federal agencies to discuss the alternatives of the project. The
stakeholder group considered many alternatives to improve fish passage, including
those listed below. The alternatives were evaluated on numerous factors including fish
passage, operation and maintenance, location and condition of existing facilities, stream
characteristics, stream hydrology, site geology, biological criteria, owner liability, and
economics. Eight alternatives were narrowed down to one after consultation with the
fish passage stakeholder group. The selected alternative for Weir No. 2 was
investigated, and the results are summarized in this preliminary engineering report.

Alternatives Considered

The initial alternatives considered for Weir No. 2 are listed below. The alternative
carried through preliminary design is underlined.

= Alternative 1 — No action.

= Alternative 2 — Remove Weir No. 2.

= Alternative 3 — Replace Weir No. 2 with a new weir and fish passage structure at the
existing location (right bank or left bank fishway, or both banks).

= Alternative 4 — Replace Weir No. 2 with a new weir and fish passage structure at the
existing location (right bank fishway), and tie the fish ladder into the Sutter National
Wildlife Refuge (SNWR) diversion canal entrance. This would only be necessary if a
fish screen became required for the SNWR diversion and the SNWR diversion point
and proposed fish screen were moved down to Weir No. 2 to improve sweeping
velocities past the screen.

= Alternative 5 — Replace Weir No. 2 with a new weir and right bank fish passage
structure at the SNWR diversion site about 800 feet upstream of the existing
structure. This would only be necessary if a fish screen became required for the
SNWR diversion. The fish ladder would be tied to new fish screen facilities to
improve sweeping velocities past the screen.

= Alternative 6 — Remove the existing fish ladder and replace it (in the existing right
bank location) with a state-of-the-art fish ladder, possibly including an auxiliary water
system. The existing weir structure would be kept.

= Alternative 7 — Remove the existing fish ladder and replace it (in the existing right
bank location) with a state-of-the-art fish ladder, possibly including an auxiliary water
system. Plus, tie into the SNWR diversion as described above. The existing weir
structure would be kept.

= Alternative 8 — Remove the existing fish ladder and replace it (at the left bank to
improve access) with a state-of-the-art fish ladder, possibly including an auxiliary
water system. The existing weir structure would be kept.



Alternative 1 was abandoned because it does not meet the goals of this
restoration project.

Alternative 2 was abandoned because of the dependence by numerous diverters
upstream on the elevated water surface maintained by the Weir No. 2 structure.
Without maintaining the current water surface, the SNWR gravity diversion would not be
able to function and other diverters using pumps would be required to move pumps or
pump from a lower elevation.

Alternative 3 is the option carried through preliminary design. Sub-alternatives
were investigated for different diversion structure options and fish ladders.

Alternative 4 was abandoned because of the uncertainty of whether a new fish
screen structure is required for the SNWR diversion. The group did not want to commit
to building a new fish ladder with the intent of tying into a new fish screening facility that
may not be built in the future.

Alternative 5 was abandoned because of the uncertainty of whether a new fish
screen structure is required for the SNWR diversion. The group did not wish to move
the weir structure upstream without tying into a new fish screen structure that may not
be built in the future.

Alternative 6 was abandoned once the deteriorating condition of the existing weir
structure was confirmed. A major overhaul or rebuild of the weir structure is necessary
and gives flexibility for placing a new fish ladder. The group also decided that an
auxiliary water system was not desired due to the added operation and maintenance.
The group believes that a new fish ladder with a well-placed entrance would provide
good attraction to the new fish ladder.

Alternative 7 was abandoned once the deteriorating condition of the existing weir
structure was confirmed. A major overhaul or rebuild of the weir structure is necessary
and gives flexibility for placing a new fish ladder. The group also decided that an
auxiliary water system was not desired due to the added operation and maintenance.
The group believes that a new fish ladder with a well-placed entrance would provide
good attraction to the new fish ladder. In addition, the group did not want to commit to
building a new fish ladder with the intent of tying into a new fish screening facility that
may not be built in the future.

Alternative 8 was abandoned once the deteriorating condition of the existing weir
structure was confirmed. A major overhaul or rebuild of the weir structure is necessary
and gives flexibility for placing a new fish ladder. The group also decided that an
auxiliary water system was not desired due to the added operation and maintenance.
The group believes that a new fish ladder with a well-placed entrance would provide
good attraction to the new fish ladder.



Description of Investigation

ND staff began the preliminary engineering process with site surveys and
hydrologic analyses. DFG and NMFS fish ladder design standards were referenced for
determining design requirements for the alternatives investigated. A DFG fisheries
biologist and DFG and NMFS engineers were consulted during the design phase. DWR
geologists conducted a geologic investigation of the project site, and DWR
environmental scientists conducted site evaluations.

Surveying and Site Information

Air targets were set in late June 2000 and surveyed with a Global Positioning
System (GPS). The basis of survey control for the aerial photography was the North
American Datum of 1983 (NAD 83), California State Plane, Zone 2 (feet) coordinates for
the horizontal datum and the North American Vertical Datum of 1988 (NAVD 88), feet
for the vertical datum. A continuous series of seven overlapping color aerial photos
were taken of the EBC and Weir No. 2. A rectified photo mosaic of the reach was
produced covering an area approximately 0.4 miles upstream and downstream of Weir
No. 2. Figure 7 shows an area of that mosaic from the SNWR diversion about 900 feet
upstream of Weir No. 2 to about 650 feet downstream of Weir No. 2.

DWR ND staff began topographic surveying at Weir No. 2 in July 2001. A total
station and an automatic level were used to collect topographical data of the existing
site. The topographical data included existing structures, ground shots, and cross
sections in the EBC. A 1-foot contour map was created from this data. The existing
staff gages used by DWR Sutter Maintenance Yard (SMY) staff are based on the United
States Engineering Datum (USED). For this site, the NAVD 88 datum is 0.76 feet lower
than the USED datum.

DWR ND staff made follow-up site visits after the initial survey. Trips were made
to gather stage data in the EBC and to determine drill hole locations for the preliminary
geologic investigation. Additional trips were made to DWR SMY for historical stage
records, drawings, and operational procedures.

Site Hydrology

The available hydrology data for Weir No. 2 within the EBC are very limited
(Figure 8). A staff gage located upstream of the weir and a newly installed (July 2001)
downstream staff gage provide the only direct data at the site. Staff gages located
upstream at Pumping Plant No. 3 and downstream at Pumping Plants No. 2 and No. 1
also provides some stage information. No discharge data exist for direct flows in the
EBC.

The Butte Slough near Meridian gaging station is located upstream of the East-
West Borrow Canals split. Unfortunately, the actual flow split is not recorded and varies
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during the year. Flow splits of 50% - 50% or 60% - 40% have been discussed or shown
in print, but without an ability to measure or record flows, one can only guess as

to what the flow split really is. In addition, the Sutter Bypass almost annually floods in
the winter and inundates the East and West Borrow Canals. The Lower Butte Creek
Project, Phase 1b Final Task Report (Task 5) estimates the out-of-bank flow for the
upper EBC near the East-West Diversion weir to be approximately 1,040 cfs.

The Wadsworth Canal near Sutter gaging station was located upstream of Weir
No. 2 and downstream of the East-West Borrow Canals split. The station recorded
stage and flows of Wadsworth Canal into the EBC. This gage was decommissioned in
1996.

The Willow Slough at Sutter Bypass West Borrow Pit gaging station is located
downstream of Weir No. 2 and the Willow Slough Weir. This station measures flow
from the EBC to the WBC. Due to backwater effects from the WBC, the discharge
records for the Willow Slough gage are not very accurate for flows above 400-500 cfs.

Because of the complexity of the Sutter Bypass system and the lack of discharge
data, a consistent stage-discharge relationship cannot be made for Weir No. 2.
Therefore, a typical 3-day delay design flow calculation cannot be made for a new fish
ladder at Weir No. 2. To estimate a swim through condition past Weir No. 2 while
meeting operational requirements, many scenarios and assumptions would need to be
made such as: how many and which flashboards are in or out of the structure, the
headwater stage above Weir No. 2, the tailwater stage of the EBC primarily controlled
by the Willow Slough and Nelson Slough weirs, and discharge for the numerous
diversions and inflows that exist within the EBC. The only constant in trying to
determine a swim through condition is that a stage of 37.5 feet to 38.5 feet (USED) is
required for upstream irrigators and habitat management for essentially the entire year.
As flows increase in the EBC, DWR SMY staff removes flashboards row by row to
maintain the required water surface elevation. Based on this typical operating practice,
a swim through condition would be very difficult because even at flows up to
approximately 1,200 cfs, a 4-foot or larger head differential would likely exist. As flows
approach and exceed 1,200 cfs, DWR SMY staff will likely remove all the flashboards
providing a swim through condition for fish passage. As long as the operational stage
can be maintained, the existing fish ladder provides some fish passage, even though
increased flows will begin to drown out the entrance. Once the operational stage
cannot be maintained, flashboards must be removed and a swim through condition will
exist.

Site Geology

DWR-DOE Project Geology staff performed geologic explorationto collect
specific subsurface geological data to be used in the final design of the foundations for
the new weir and fish ladder. The exploration work consisted of 2 auger holes drilled to
a depth of 60 feeton each side of the existing weir structure (Figure 8). Soil
classification and Standard Penetration Test blow-counts were recorded during the

11



exploration work. Soil samples were collected at 5-foot increments at each of the auger
holes for potential lab testing. Appendix D contains the memorandum summarizing the
results of the geologic exploration work.

A previous geologic exploration investigation by DWR-DOE Project Geology staff
was conducted for the site in 1986. The exact location of the exploration borings are
not known, but are believed to be about 100 feet downstream of the existing Weir No. 2
structure. This information is also included in the memorandum in Appendix D.

Environmental Review

DWR environmental scientists performed site surveys of the project area to
identify potential environmental issues. The environmental survey consisted of field
surveys to investigate potential impacts to sensitive plants, fish, wildlife, aesthetics,
water quality, recreation, and land use. No threatened or endangered plant species
were identified within the project area. Appendix E contains a list of potentially required
environmental permits and a preliminary environmental checklist for the proposed
project.

Structural Evaluation
During the topographic survey in July 2001, DWR ND staff discovered a large

hole in the apron on the downstream side of the Weir No. 2 structure in the third bay
from the west bank. The hole was not visible due to the apron being submerged. The
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hole became apparent when the survey crew was recording elevations of the apron and
discovered a void where the elevation was much lower than the surrounding apron.

The hole was estimated to be about 5 to 6 feet deep and 1 to 2 feet in diameter. The
finding was reported to DWR SMY staff. This caused concern because the void in the
foundation of the existing weir structure is becoming large enough to extend to the piers
of the structure which will ultimately result in failure of Weir No. 2.

Another reason for concern was that a current meter measurement (CMM)
performed immediately downstream of Weir No. 2 and a weir calculation performed at
the same time on July 10, 2001, resulted in a discrepancy of about 40%. The CMM was
125 cfs compared to the weir flow of 76 cfs. The 49 cfs of unaccounted for water past
the weir structure is not likely to occur strictly through the flashboards. It is thus
assumed that the difference between the actual measurement and weir flow plus
flashboard leakage is the water leaking under the Weir No. 2 foundation. A second
CMM and weir flow calculation was conducted on August 14, 2002, and resulted in a
discrepancy of 18% (165 cfs CMM/136 cfs weir flow), or 29 cfs, which is not likely to
occur strictly through the flashboards. The leakage occurring under the Weir No. 2
foundation could lead to more undermining and ultimately failing.

An evaluation of the structure by the DWR-DOE, Structure Section was
requested in August 2002. In September 2002, Weir No. 2 was partially dewatered by
DWR SMY staff (Figure 9). This allowed an evaluation to assess the condition of the
existing structure (Figure 10). The structural evaluation concluded that significant wear
has occurred to the concrete apron of the structure. The concrete apron is worn to the
point that three holes exist exposing the underlying soil. A hole exists in the
downstream cutoff wall along with an adjacent void, indicating seepage is eroding the
soil directly below the apron. Appendix C contains the memorandum summarizing the
results of the Weir No. 2 structural evaluation.

Figure 10. Weir No. 2 detering | Figu're 11. Evaluating the downstream
apron
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Summary of Findings
Comparison of Viable Alternatives

Alternative 3a — Half Ice Harbor fish ladder with new weir. Cost Estimate
$ 3,504,000

= Remove the existing right bank pool and weir fish ladder.

= Remove the existing weir structure including the foundation and abutments.

= Construct a new weir structure at the same location, reducing the number of
bays by incorporating 3 large automated spillway gates into the structure
along with smaller bulkhead and flashboard bays.

= Construct a new half Ice Harbor fish ladder on the left bank tied into the new
weir structure.

= Construct a small control building for the controls of the automated spillway
gate.

= Run overhead power to the site.

Alternative 3b - Full Ice Harbor fish ladder with new weir. Cost Estimate
$ 3,728,000

= Remove the existing right bank pool and weir fish ladder.

= Remove the existing weir structure including the foundation and abutments.

= Construct a new weir structure at the same location, reducing the number of
bays by incorporating 3 large automated spillway gates into the structure
along with smaller bulkhead and flashboard bays.

= Construct a new full Ice Harbor fish ladder on the left bank tied into the new
weir structure.

= Construct a small control building for the controls of the automated spillway
gate.

= Run overhead power to the site.

Alternative 3c - Vertical slot fish ladder with new weir. Cost Estimate
$ 3,551,000

= Remove the existing right bank pool and weir fish ladder.

= Remove the existing weir structure including the foundation and abutments.

= Construct a new weir structure at the same location, reducing the number of
bays by incorporating 3 large automated spillway gates into the structure
along with smaller bulkhead and flashboard bays.

= Construct a new vertical slot fish ladder on the left bank tied into the new weir
structure.

= Construct a small control building for the controls of the automated spillway
gate.

= Run overhead power to the site.
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Advantages and Disadvantages

As mentioned previously, Alternative 3 was the option carried through the
preliminary design process. Three sub-alternatives were developed, each with a
different type of fish ladder. Alternative 3a is a half Ice Harbor, alternative 3b is a full Ice
Harbor, and Alternative 3c is a vertical slot (Figure 12).

The proposed new weir structure is identical for all three of the fish ladder
sub-alternatives. The three fish ladder sub-alternatives would all be incorporated into
the left abutment of the new weir structure.

The advantage of Alternative 3a is that the 29 cfs half Ice Harbor fish ladder
would be a big improvement for fish passage compared to the existing pool and weir
ladder. The half Ice Harbor fish ladder meets current fish ladder standards, improves
attraction with increased flow and provides a better orientation to the new weir structure.
The half Ice Harbor fish ladder allows fish to pass Weir No. 2 by either jumping over a
set of weirs or swimming through the set of orifices. The half Ice Harbor fish ladder is
capable of operating at flows as low as 5 cfs. Additionally, Alternative 3a is slightly less
expensive than Alternative 3b and Alternative 3c.

There is little disadvantage with Alternative 3a other than the lower baffles would
typically be submerged. Based on average tailwater elevations observed, it is expected
that the lower three baffles will be submerged. These lower three baffles are necessary
because the fish ladder was designed to operate under the lowest tailwater condition
observed. Submergence of the lower three baffles is likely to result in a slight increase
in sediment accumulation in these pools, due to lower velocities. An additional entrance
at the turning pool between baffles 3 and 4 provides an alternate entrance for fish
(Sheet 4).

The 58 cfs full Ice Harbor fish ladder of Alternative 3b has the same advantages
as Alternative 3a. In addition, it has twice the flow capacity as the half Ice Harbor fish
ladder. The full Ice Harbor fish ladder allows passage past Weir No. 2 by jumping over
one of the two sets of weirs or swimming through one of the two sets of orifices
(Sheet 4 and Sheet 5). The full Ice Harbor fish ladder is capable of operating at flows
as low as 5 cfs.

Alternative 3b has the same disadvantage of submerged baffles as Alternative
3a. In addition, Alternative 3b is slightly higher in cost than Alternative 3a and
Alternative 3c.

The advantage of the 55 cfs vertical slot fish ladder in Alternative 3c is the ability
to self regulate flows through the fish ladder (assuming that proper adjustments are
made at the entrance). The vertical slot fish ladder would also meet current standards
and have improved attraction characteristics like Alternatives 3a and 3b. Additionally,
Alternative 3c is slightly less expensive than Alternative 3b.
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Half lce Harbor

Full lce Harbor

Verfical Slot

Figure 12. Fish ladder alternatives
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Alternative 3c has the same disadvantage of submerged baffles as Alternatives
3a and 3b. The vertical slot fish ladder can also be prone to debris accumulation
through the single passage slot. The vertical slot fish ladder also has a minimum flow
capacity of about 27 cfs based on the recommended 3-foot minimum depth
requirement, which would not meet the minimum flow requirement of 5 cfs that DWR
was asked to design for.

Conclusions and Recommendations

The stakeholder group decided Alternative 3b, constructing a new weir and full
Ice Harbor fish ladder, is the preferred alternative. Replacement or major repairs of the
existing weir structure is required since the structural analysis confirmed the
deteriorated condition of the foundation. It was decided that replacement of the
structure would be more economical because the existing foundation would need to be
completely replaced. Rebuilding the structure provides flexibility to incorporate features
that will enhance fish passage, improve operations, and reduce maintenance, such as
the addition of automated spillway gates. The full Ice Harbor fish ladder will increase
fish passage over a greater range of flows, include four separate routes for passage,
and provide an improved entrance for attracting fish.
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Full Ice Harbor Fish Ladder
Fish Ladder Sizing and Configuration

The full Ice Harbor fish ladder design has a flow capacity of 58 cfs and includes
two 4-foot wide rectangular weirs and two 20-inch square orifices in each baffle. Twelve
baffles are included in the fish ladder to allow passage past Weir No. 2. Each pool has
internal dimensions of 16 feet in width by 10 feet in length. A turning pool exists
between baffles 9 and 10 to allow the fish ladder entrance to be positioned near the weir
structure (Sheet 8). Water flows into the exit pool of the fish ladder through a 4-foot
wide slot oriented perpendicular to the EBC flow, which can be controlled with
flashboards if necessary. The fish ladder entrance pool contains one 18-inch and one
24-inch wide slot controlled with flashboards. A third 24-inch wide entrance slot for the
fish ladder exists in the turning pool in the chamfered wall angled toward the EBC
(Sheet 4). This third entrance slot can be used when the lower baffles of the fish ladder
are submerged.

Based on tailwater elevations observed at the site for the last two years, and
historical data at DWR Pumping Plant 2 located approximately 6 miles downstream of
Weir No. 2, it is anticipated that the lower three baffles will be submerged during normal
irrigation season flows. The fish ladder was designed so that fish passage can be
maintained during occasional low flow conditions that have occurred in the past.

Fish Ladder Operation and Maintenance

Access to the site for operation and maintenance exists with the new fish ladder
located on the east bank. Existing roads along the Sutter Bypass and down to the
project site allow vehicles to be driven adjacent to the fish ladder. For safety, the entire
fish ladder will be covered with a skid-proof working platform that will be designed to be
removable for access to the fish ladder.

The primary maintenance for the full Ice Harbor fish ladder will be to clean the
trashrack at the flow entrance of the fish ladder to prevent debris accumulation. The
fish ladder could be closed off seasonally when fish passage is not required to allow
removal of gravel and sediments that may have accumulated in the pools. When
seasonal flooding does occur, the handrails should be removed so they are not
damaged by debris. Once flows recede, the handrails should be replaced, and debris
will need to be removed from the working platform covering the entire fish ladder.

The primary operational requirement for the fish ladder will be to ensure that
proper adjustment of the entrance is maintained to ensure good fish passage
conditions. The head difference between the entrance pool and the water surface in the
EBC should be no more than 1 foot. The automated spillway gates will be set to
maintain a consistent upstream stage of 38.5 feet USED (37.74 feet NAVD 88), which
should minimize the need for adjustments at the flow entrance of the fish ladder. The
land side weir of the two uppermost baffles (Sheet 5) are adjustable to allow the fish
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ladder to still operate if the stage upstream of Weir No. 2 drops below the normal
operating stage mentioned above. The right weir in the first baffle will be designed so
that it can be lowered 2 feet and the right weir in the second baffle will be designed so it
can be lowered 1 foot. This adjustment will be accomplished with the use of 4-foot wide
flashboards.

It is anticipated that the ability to maintain the normal operating stage above Weir
No. 2 would only be lost during extreme low flow conditions. If flows get low enough
that adequate depth cannot be maintained in the pools, then one set or both sets of
orifices can be closed off with stop gates. The fish ladder would then be operated
strictly as a pool and weir fishway. The construction of a new weir structure will result in
a much more watertight structure that will allow sufficient stage to be maintained behind
it and ensure flow into the fish ladder at all times.
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Replacement Weir
Location

Various locations for constructing a new weir were considered during the
investigation. One option investigated was to tie the new fish ladder into a new fish
screen for the SNWR. Placing the new structure upstream near the SNWR diversion
was rejected by the stakeholder group because screening of the diversion may not be
needed. Placing the structure 100 feet downstream of the existing structure was also
considered with the idea that the existing structure could be left in place to protect the
new weir structure and act as a trashrack. DWR had considered replacing the weir in
the 1980s at this location. Due to the condition of the existing weir structure foundation
and the likelihood of the structure failing without repair, it was decided to not pursue this
option. It was agreed that removing the existing weir structure and rebuilding at the
same location was preferred (Sheet 3). Rebuilding at the same location will reduce the
environmental impacts and help streamline the permitting process.

Features Considered

The decision to rebuild the Weir No. 2 structure allowed the group to consider
various options to incorporate into the new structure. One goal of rebuilding the new
structure was to reduce the tedious and cumbersome task of removing and placing
flashboards to maintain the required stage upstream of Weir No. 2 during the irrigation
season. In addition, DWR SMY staff are required to remove more than 100 flashboards
to allow flows to pass the structure when the Sutter Bypass floods. There is usually a
short window of time for doing this because diversions typically continue until the Sutter
Bypass begins to flood. Once floodflows recede, the flashboards eventually need to be
reset so diversions can begin again. During the winter of 2003, DWR SMY staff were
required to repeat this process twice when late rains caused the Sutter Bypass to flood
a second time after flows had receded. Automating the operation and reducing the
number of piers to help reduce the debris load were other features considered for a new
weir structure.

An exact replacement of the existing Weir No. 2 structure was considered and
was determined to be a less costly alternative. A direct replacement would not reduce
the number of piers because flashboards larger than 5 or 6 feet are undesirable due to
their weight. In addition, the annual routine of removing or replacing a large amount of
flashboards would still occur. Concerns about the safety of this type of operation were
also a concern to members of the group. The group decided to eliminate this type of
structure from consideration.

In the 1980s, DWR had considered incorporating a constant upstream level gate
into a new weir structure that would automatically control about 500 cfs of releases
during the diversion season. The gate would either be submerged or need to be
removed annually. Leaving the gate submerged would make it prone to damage from
debris and require additional maintenance due to prolonged submergence during
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floods. Removing the gate annually would require a heavy-duty crane to be brought on
site, and a large truck would be necessary to transport the gate to the DWR SMY for
storage. The remaining structure would still be made up of bays that would need to be
manually operated with flashboards and bulkheads. The group decided to eliminate this
type of gate from consideration.

An automated spillway gate was also considered for incorporation into the new
weir structure. This type of gate would allow the number of piers to be reduced
because of the size of the gate panel. The spillway gate is not susceptible to damage
from high flows and doesn’t need to be removed annually since the gate panel will lay
down, thus allowing floodflows to pass over it. The gate is essentially operated as a
flow over weir and not like a radial arm or slide gate that releases flow from the bottom
of the gate. The ability of the automated spillway gate to maintain a desired stage will
result in a very reliable flow into the new fish ladder. The group decided that a new weir
structure with automated spillway gates was the preferred option.

Spillway Gate System

The automated spillway gate proposed for the new Weir No. 2 structure is
composed of square steel gate panels, reinforced air bladders, and a control system
that relies on air pressure to adjust the steel gate panel (Sheet 7). The reinforced air
bladder is the mechanism that raises and lowers the steel gate panel. The steel gate
panel would be anchored and hinged into a new concrete foundation. The gate panel
would have a slight arc to it that will allow the air bladder to be stored beneath it when it
is deflated to lower the gate during flood flows (Figure 13). The air bladder is made of
durable rubber that contains Kevlar and is resistant to wear, weathering, and punctures.
The control system uses compressed air to adjust the pressure in the air bladder, which
controls the height of the gate panel. The control system will be set to automatically
maintain a specific water surface upstream. A manual control will also be included as
part of the system.
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It was decided that three 12 foot wide by 12.75 foot high spillway gates would be
incorporated into the new weir structure. Three spillway gates will allow higher flows to
pass without creating a backwater effect when the EBC reaches bankfull conditions.
The spillway gates will also allow a more reliable swim through condition to exist when
the upstream stage begins to exceed the normal operating stage for diversions and the
new fish ladder. Spillway gates can be adjusted so that fish passage exists either
through the fish ladder or with a swim through condition past Weir No. 2. This is a huge
advantage over the existing flashboard weir structure since DWR SMY staff are limited
to removing boards row by row.

Since there are no means to dewater Weir No. 2 in the EBC, the new structure
will need to be constructed so periodic maintenance can be performed on the spillway
gates. Piers will be constructed between the three spillway gates and the bays on both
sides of the gates. This will provide an ability to isolate, repair, or replace a gate panel
or air bladder by placing bulkheads at the upstream and downstream ends of the piers.
These rare occurrences would require the use of a crane for installing and removing the
bulkheads.

Manual Bays

In addition to the three spillway gates discussed above, the new Weir No. 2
structure will also include six 5'%-foot wide bays that will contain bulkheads and some
flashboards. The upper 4 to 5 feet will have flashboards that can be manually placed or
removed. The lower portion of each manual bay will consist of removable metal
bulkheads. Three bays will exist on both sides of the spillway gates, next to the newly
constructed left and right abutments.

Operation and Maintenance

A key feature of the automated spillway gates is the ability to set them to
maintain a constant stage of 38.5 feet USED (37.74 feet NAVD 88) during the irrigation
season. The other key feature of these gates is the ability to manually lower the gates
by deflating the air bladders to lay the gates down and pass higher flows when the
Sutter Bypass floods. When flows recede and the stage needs to be maintained for
upstream water diversions, the air bladders are inflated to raise the spillway gates to the
desired height. If needed, manual adjustments of spill over the weir structure can be
made by placing or removing flashboards or bulkheads in the six manual bays.
Flashboards are sized so they can be handled manually by DWR SMY personnel. The
bulkheads would be sized so that equipment such as a boom truck or crane would be
utilized to remove or install them. Each bulkhead would be no more than 7,500 pounds,
but actual sizes and weights will be determined in final design. During the wet season,
there may not be vehicle access on the west bank. The maximum distance for lifting a
bulkhead would be 55 feet from the edge of the east abutment to the center of the
farthest spillway gate bulkheads if the west bank is flooded. Heavy equipment access
to the east abutment will be provided across a portion of the new fish ladder.
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Weir No. 2 Design and Construction Summary
Site Conditions and Assumptions

The preliminary drawings and layouts contained in this report will be refined
during the final design process. Additional surveys, hydraulic analyses, and geologic
exploration may be necessary because of changes in the site conditions since this
investigation was conducted or to gain additional information that will be required for
final design.

Codes and Standards

Final Designs will be governed by the following criteria:
e Final structural designs will comply with the latest Uniform Building Code
requirements.
e Final concrete designs will comply with the latest American Concrete Institute
Building Code Requirements for Reinforced Concrete Design.
e All current applicable CalOSHA safety standards will be met.
¢ All environmental permit conditions will be met.

Final Design Instructions

Final designs will adhere to the following directives:
¢ An operations and maintenance manual should be made available prior to project
completion.
e The elevations shown in the drawings for Weir No. 2 are based on the NAVD 88
Datum. Descriptions and elevations of control points can be obtained from ND.
e Actual concrete thickness, foundation and cutoff wall requirements, and
reinforcement requirements will be determined by the final design engineer.

Special Project Notes

The estimated quantities and costs shown in Tables 1, 2, and 3 and the
preliminary engineering drawings are not intended for bidding or construction purposes,
as final designs may result in changes to any or all quantities and costs. Final designs
will be subject to the approval of the California Department of Fish and Game (DFG),
National Marine Fisheries Service (NMFS), United States Fish and Wildlife Service
(USFWS), the Reclamation Board, and DWR.

The Weir No. 2 Fish Passage Project is located within a FEMA Zone A
designated special flood hazard area, within a low flow channel of the Sutter Bypass.
The Sutter Bypass floods frequently and overtopping of Weir No. 2 is a common
occurrence. The replacement of Weir No. 2 and construction of a new fish ladder within
the low flow channel is not expected to raise the 100 year base flood elevation within
the Sutter Bypass. This must be verified in final design and the provisions of Chapter
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44, Section 65.3 of the National Flood Insurance Program’s Code of Federal
Regulations must be met.

Construction Summary

At the Weir No. 2 site, no improvements to the existing access roads are
proposed. Staging areas would exist on the west and east sides of the EBC. Access to
the site exists for both banks of the project site. The west access would be from
Hughes Road and require travel through a portion of the SNWR on existing roads to
Weir No. 2. The east access would be from Acacia or McClatchy Road, to the Eastern
Sutter Bypass levee, and down an existing maintenance road to Weir No. 2.

Staging areas would be available on both sides of the EBC. The west side
staging area should avoid the existing riparian areas along the banks and should not
interfere with the SNWR. The east side staging area would likely exist from the toe of
the east side of the Sutter Bypass levee to the toe drains that exists on the north and
south sides of McClatchy Road (Sheet 3). Staging areas should be clearly delineated
prior to the start of construction.

Temporary sheet piles, cofferdams, flumes, pipes, and pumps may be used in
the project area for dewatering purposes. To ensure a longer construction window,
dewatering efforts should ensure that adequate fish passage is provided during
construction. This may require sheet piling only half of the EBC and project site at a
time to ensure fish passage.

Maintaining an adequate upstream stage for diversions will also be required
during the construction project. Construction of a temporary side channel is a possibility
for dewatering, but would likely present difficulties for providing adequate fish passage
during construction. Approximately 10 feet of head could be present which would result
in high velocities in a side channel if temporary baffles are not provided. The need to
maintain an adequate upstream stage during construction will require that a headworks
structure be a part of the side channel diversion.

Removal of the existing Weir No. 2 structure and fish ladder is required. Based
on the routine operation of flashboard removal to allow floodflows to pass, no buildup of
materials exists behind Weir No. 2 at the time of the investigation. Concrete and steel
that is excavated in the project area should be hauled to a disposal site subject to
approval by DWR.
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Table 1. Preliminary Cost Estimate - Half Ice Harbor Fish Ladder

Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project

Preliminary Cost Estimate for Design & Construction

| irEm

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST
MISCELLANEOUS

1 Mobilization/Demobilization 1 LS $ 75,000 $ 75,000
2 Site Work, Access, & Mitigation 1 LS $ 30,000 $ 30,000
3 Dewatering (Sheet Piling) 1 LS $ 300,000 $ 300,000
4 Remove Existing Concrete 875 CcYy $ 150 $ 131,000
5 Overhead Power 2640 FT $ 25 $ 66,000

$ 602,000

FISH LADDER - Half Ice Harbor

6 Excavation 300 CcY $ 50 $ 15,000
7 Keying, Drilling & Doweling 1 LS $ 25,000 $ 25,000
8 Stop Gates 24 EA $ 300 $ 7,000
9 Concrete (Walls) 175 CcYy $ 800 $ 140,000
10 Concrete (Baffles) 25 CcY $ 800 $ 20,000
11 Concrete (Slab & Footings) 80 CcY $ 500 $ 40,000
12 Flashboards - 2' and 4" 1 LS $ 1,000 $ 1,000
13 Working Platform (3' wide) 1000 SF $ 25 $ 25,000
14 Drivable Platform 1 LS $ 40,000 $ 40,000

$ 313,000

WEIR w/3 Spillway Gates

15 Excavation 300 cYy $ 50 $ 15,000
16 Concrete (Piers) 85 CcY $ 800 $ 68,000
17 Concrete (Slab & Footings) 260 CcY $ 500 $ 130,000
18 Sheet Piling (Cutoff Wall) 2100 SF $ 26 $ 55,000
19 Concrete (Abutments) 140 CY $ 800 $ 112,000
20 Working Platform 450 SF $ 50 $ 23,000
21 Bulkheads (Manual Bays) 1 LS $ 25,000 $ 25,000
22 Bulkheads (Spillway Gate Bay) 1 LS $ 70,000 $ 70,000
23 Flashboards - 1' x 6' 1 LS $ 1,000 $ 1,000
24 Spillway Gates (3) 1 LS $ 328,000 $ 328,000
25 Air Supply and Control System 1 LS $ 39,000 $ 39,000
26 Installation of Gate and Control System 1 LS $ 92,000 $ 92,000
27 Rip Rap 100 TN $ 50 $ 5,000
28 Control Building 80 SF $ 200 $ 16,000

$ 979,000
29 Construction Cost $ 1,894,000
30 Contingency @ 25% $ 474,000
31 Construction Cost Subtotal $ 2,368,000
32 Engineering @ 25% $ 592,000
33 Environmental @ 3% $ 71,000
34 Construction Inspection @ 15% $ 355,000
35 Contract Administration @ 5% $ 118,000
36 Total $ 3,504,000
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Table 2. Preliminary Cost Estimate - Full Ice Harbor Fish Ladder

Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
Preliminary Cost Estimate for Design & Construction

| iTEm

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST
MISCELLANEOUS

1 Mobilization/Demobilization 1 LS $ 75,000 $ 75,000
2 Site Work, Access, & Mitigation 1 LS $ 30,000 $ 30,000
3 Dewatering (Sheet Piling) 1 LS $ 300,000 $ 300,000
4 Remove Existing Concrete 875 cYy $ 150 $ 131,000
5 Overhead Power 2640 FT $ 25 $ 66,000

$ 602,000

FISH LADDER - Full Ice Harbor

6 Excavation 400 cY $ 50 $ 20,000
7 Keying, Drilling & Doweling 1 LS $ 25,000 $ 25,000
8 Stop Gates 24 EA $ 300 $ 7,000
9 Concrete (Walls) 200 CY $ 800 $ 160,000
10 Concrete (Baffles) 50 CcY $ 800 $ 40,000
11 Concrete (Slab & Footings) 150 CcYy $ 500 $ 75,000
12 Flashboards - 2' and 4" 1 LS $ 1,000 $ 1,000
13 Working Platform (3' wide) 2600 SF $ 25 $ 65,000
14 Drivable Platform 1 LS $ 40,000 $ 40,000

$ 433,000

WEIR w/3 Spillway Gates

15 Excavation 300 CcY $ 50 $ 15,000
16 Concrete (Piers) 85 CcY $ 800 $ 68,000
17 Concrete (Slab & Footings) 260 CcY $ 500 $ 130,000
18 Sheet Piling (Cutoff Wall) 2100 SF $ 26 $ 55,000
19 Concrete (Abutments) 140 CY $ 800 $ 112,000
20 Working Platform 450 SF $ 50 $ 23,000
21 Bulkheads (Manual Bays) 1 LS $ 25,000 $ 25,000
22 Bulkheads (Spillway Gate Bay) 1 LS $ 70,000 $ 70,000
23 Flashboards - 1' x 6' 1 LS $ 1,000 $ 1,000
24 Spillway Gates (3) 1 LS $ 328,000 $ 328,000
25 Air Supply and Control System 1 LS $ 39,000 $ 39,000
26 Installation of Gate and Control System 1 LS $ 92,000 $ 92,000
27 Rip Rap 100 N $ 50 $ 5,000
28 Control Building 80 SF $ 200 $ 16,000

$ 979,000
29 Construction Cost $ 2,014,000
30 Contingency @ 25% $ 504,000
31 Construction Cost Subtotal $ 2,518,000
32 Engineering @ 25% $ 630,000
33 Environmental @ 3% $ 76,000
34 Construction Inspection @ 15% $ 378,000
35 Contract Administration @ 5% $ 126,000
36 Total $ 3,728,000
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Table 3. Preliminary Cost Estimate - Vertical Slot Fish Ladder

Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
Preliminary Cost Estimate for Design & Construction

| iTEm

DESCRIPTION QUANTITY UNIT UNIT COST TOTAL COST
MISCELLANEOUS

1 Mobilization/Demobilization 1 LS $ 75,000 $ 75,000
2 Site Work, Access, & Mitigation 1 LS $ 30,000 $ 30,000
3 Dewatering (Sheet Piling) 1 LS $ 300,000 $ 300,000
4 Remove Existing Concrete 875 cYy $ 150 $ 131,000
5 Overhead Power 2640 FT $ 25 $ 66,000

$ 602,000

FISH LADDER - Vertical Slot

6 Excavation 300 cY $ 50 $ 15,000
7 Keying, Drilling & Doweling 1 LS $ 25,000 $ 25,000
8 Stop Gates 24 EA $ 300 $ 7,000
9 Concrete (Walls) 190 CY $ 800 $ 152,000
10 Concrete (Baffles) 25 (03% $ 800 $ 20,000
11 Concrete (Slab & Footings) 100 CcY $ 500 $ 50,000
12 Flashboards - 2' and 4" 1 LS $ 1,000 $ 1,000
13 Working Platform (3' wide) 1100 SF $ 25 $ 28,000
14 Drivable Platform 1 LS $ 40,000 $ 40,000

$ 338,000

WEIR w/3 Spillway Gates

15 Excavation 300 CcY $ 50 $ 15,000
16 Concrete (Piers) 85 CcY $ 800 $ 68,000
17 Concrete (Slab & Footings) 260 CcY $ 500 $ 130,000
18 Sheet Piling (Cutoff Wall) 2100 SF $ 26 $ 55,000
19 Concrete (Abutments) 140 CY $ 800 $ 112,000
20 Working Platform 450 SF $ 50 $ 23,000
21 Bulkheads (Manual Bays) 1 LS $ 25,000 $ 25,000
22 Bulkheads (Spillway Gate Bay) 1 LS $ 70,000 $ 70,000
23 Flashboards - 1' x 6' 1 LS $ 1,000 $ 1,000
24 Spillway Gates (3) 1 LS $ 328,000 $ 328,000
25 Air Supply and Control System 1 LS $ 39,000 $ 39,000
26 Installation of Gate and Control System 1 LS $ 92,000 $ 92,000
27 Rip Rap 100 N $ 50 $ 5,000
28 Control Building 80 SF $ 200 $ 16,000

$ 979,000
29 Construction Cost $ 1,919,000
30 Contingency @ 25% $ 480,000
31 Construction Cost Subtotal $ 2,399,000
32 Engineering @ 25% $ 600,000
33 Environmental @ 3% $ 72,000
34 Construction Inspection @ 15% $ 360,000
35 Contract Administration @ 5% $ 120,000
36 Total $ 3,551,000
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Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
May 30, 2002 Meeting at Sutter Maintenance Yard
Meeting Summary

Attendees:

Olen Zirkle, Ducks Unlimited

Kevin Foerster, USFWS - Sacramento NWRC

Mike Peters, USFWS - Sacramento NWRC

Dale Garrison, USFWS - CVPIA

Steve Thomas, NMFS

Paul Ward, CDFG

Paul Russell, Sutter Extension Water District (SEWD)

Keith Swanson, DWR - Division of Flood Management (DWR-DFM)
Michelle Ng, DWR - Division of Flood Management

Ken Dickerson, DWR - DFM, Sutter Maintenance Yard (DWR-SMY)
Karen Hull, DWR - DFM, Sutter Maintenance Yard

Art Winslow, DWR - Executive Office

Curtis Anderson, DWR - Northern District (DWR-ND)

Kevin Dossey, DWR - Northern District

Bill McLaughlin, DWR - Northern District

Summary

DWR-ND gave an overview of the proposed work plan, and the need for making
improvements for fish passage at the Weir No. 2 structure.

DWR-DFM stated the current structure is antiquated and not safe to operate.
They would like DWR-ND to check if DWR is legally obligated to meet OSHA
standards if the existing structure is upgraded. DWR-DFM has plans to replace
the existing catwalk.

DWR-DFM said automation would be preferred in a new structure to improve
operation and maintenance rather than manually adjusting flashboards.

USFWS has plans to improve the existing channels in the Sutter National Wildlife
Refuge (SNWR) to improve refuge operations. USFWS feels that a screen
would be required for their pump and not the entire diversion. Howard Brown
from NMFS had been consulted on this matter and did concur.

CDFG has concerns that fish could be stranded in the refuge if true flow through
conditions did not exist, or in areas of ponded water. CDFG would prefer to
screen the entrance of the diversion to the SNWR. USFWS and CDFG wil need
to work through this issue to decide if an alternative to tie a new SNWR fish
screen to a new DWR fish ladder on the right bank of the East Borrow Canal is a
viable alternative.

USFWS stated that USBR is responsible for providing up to 65 cfs of “fish
friendly” water (Level IV water) to the SNWR at the point of delivery.

USFWS will contact USBR about the possibility of funding the rebuilding of Weir
No. 2 since their diversion is dependent on the structure. DWR-DFM stated that
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DWR does not have funding to rebuild the structure. CALFED may not be willing
to fund that portion of the project if it is decided to rebuild Weir No. 2. CDFG
would be opposed to spending any fish restoration money on improvements to a
structure that wouldn’t enhance fish passage. There are concerns about
constructing a new fish ladder and tying it into an old, possibly unstable structure.
Rebuilding Weir No. 2 will need to be justified. An inspection by a Structural
Engineer should be made during a time of dewatering to determine the integrity
of the existing structure. August or September would be the best time for
dewatering.

DWR-ND noted that during the site survey last summer, a large hole
approximately 5 feet deep was discovered at the toe of the structure in the third
bay from the right bank fish ladder.

DWR-SMY performed a stream flow measurement downstream of Weir No. 2 on
July 10, 2001. The measured flow was compared with an estimated weir flow
calculation by DWR-ND at the structure and fish ladder that resulted in a
discrepancy of approximately 40% less water (125 cfs - current meter
measurement vs. 76 cfs - weir flow calculation). This very well could be an
indication that the existing structure is leaking through/under the existing dam.
CDFG stated they had recently purchased a 40 cfs instream flow for fish from
October to June. This flow could be split between the West and East Borrow
Canals.

DWR-ND stated the current funding for the preliminary investigation runs out at
the end of June. It is unknown at this time how much funding will be available
after July 1.

DWR-ND discussed the following initial alternatives:

o Alternative 1 — No Action. The group decided this alternative was not a
valid alternative.

o Alternative 2— Remove Weir No. 2. The group decided this is not a likely
alternative since no alternative water supplies are available for upstream
diverters at this time.

0 Alternative 3 — Replace Weir No. 2 with a new weir and fish passage
structure at the existing location (right bank or left bank fishway, or both
banks). This is a valid alternative at this time. DWR-DFM/SMY would
prefer a left bank fish ladder for ease of operation and maintenance.
Automation of the operations at a new weir structure would be preferred.

o Alternative 4 — Replace Weir No. 2 with a new weir and fish passage
structure at the existing location (right bank fishway), and tie the fish
ladder into the SNWR fish screen facilities and diversion canal entrance if
the SNWR diversion point and proposed fish screen are moved down to
Weir No. 2 to improve sweeping velocities past the screen. A new SNWR
fish screen tied to a new DWR fish ladder would provide improved
hydraulics for the fish screen. This alternative is only valid if it is decided
that the SNWR diversion needs to be fully screened.

0 Alternative 5 — Replace Weir No. 2 with a new weir and right bank fish
passage structure at the SNWR diversion site about 800 feet upstream.
Tie fish ladder into the proposed SNWR fish screen facilities to improve




sweeping velocities past the screen. A new SNWR fish screen tied to the
new DWR fish ladder would provide improved hydraulics for the fish
screen. This alternative is only valid if it is decided that the SNWR
diversion needs to be fully screened. DWR would not be opposed to
moving the new weir structure and new fish ladder upstream.

o Alternative 6 — Remove the existing fish ladder and replace it (in the
existing right bank location) with a state -of-the-art fish ladder, possibly
including an auxiliary water system. This is a valid alternative at this time.
Discussions leaned toward not including an auxiliary water system if a
higher volume fish ladder with good entrance conditions is designed. Weir
No. 2 would not be rebuilt, but could be upgraded.

o Alternative 7 — Remove the existing fish ladder and replace it (in the
existing right bank location) with a state -of-the-art fish ladder, possibly
including an auxiliary water system. Plus, tie into SNWR diversion as
described above. This alternative is only valid if it is decided that the
SNWR diversion needs to be fully screened. An auxiliary water system is
not preferable if a higher volume fish ladder and good entrance conditions
is designed. Weir No. 2 would not be rebuilt but could be upgraded.

o Alternative 8 — Remove the existing fish ladder and replace it (at the left
bank to improve access) with a state-of-the-art fish ladder, possibly
including an auxiliary water system. This is a valid alternative at this time.
Weir No. 2 would not be rebuilt but could be upgraded. An auxiliary water
system is not preferable if a higher volume fish ladder and good entrance
conditions are designed. DWR-SMY/FM would prefer a left bank fish
ladder for ease of maintenance.

DWR-ND is analyzing the limited flow and stage data that exists for this area.
Information being looked at is the Butte Slough near Meridian gage, Wadsworth
Canal gage (decommissioned), Weir No. 2 headwater stage records, Weir No. 2
tailwater stage records (installed 7/01), and the Pumping Plant 2 staff gage. A
typical 3-day delay design flow analysis is not feasible for this location due to the
location of the Butte Slough near Meridian gaging station above the East/\West
Borrow Canal split and the seasonal flooding of the Sutter Bypass. A swim
through condition will be estimated from this data.

DWR-ND mentioned the new fish ladder would need to operate at a flow as low
as 5 cfs, per CDFG. The upper flow range for a new fish ladder (without auxiliary
flow) could be in the range of 50-65 cfs. The current pool and weir fish ladder
has a flow capacity of 13 cfs (1-foot water depth) with a 2 to 2 % foot head
differential. Potential new fish ladder options include, but are not limited to an Ice
Harbor, Half Ice Harbor, and Vertical Slot types.

DWR-ND mentioned that an effort would be made to incorporate the ability to
dewater the new fish ladder for maintenance purposes. Bulkheads at the
entrance and exit that are reachable by a boom truck or crane is a possibility.
The use of gates or flashboards would be other options. DWR-SMY currently
has a boom truck capable of lifting 800 pounds at a 35-foot reach and 13,000
pounds at a 7-foot reach.

A-4



DWR-SMY/DFM would like to see the new fish ladder completely covered with
grating. The grating panels should be large enough so that people can’t remove
the gratings by hand, but would be removable with a boom truck for maintenance
purposes.

DWR-ND mentioned that the May 1976 Sutter Bypass Study proposed rebuilding
Weir No. 2 downstream of the existing location, keeping the existing structure,
and modifying it to protect the new weir from large floating debris.

The use of Obermeyer spillway gates, Amil automatic gates, or other types of
control gates incorporated into a new Weir No. 2 structure was discussed. DWR-
DFM does not want to see radial gates used. They would want any gate used to
be of high quality to withstand submergence and debris flow conditions.

Since the screening of the SNWR diversion is up in the air, the focus of the
investigation at this time will be a left bank fish ladder. If a new SNWR fish
screen is decided upon, the new fish ladder can be mirrored to the right bank.
Upgrading vs. rebuilding Weir No. 2 will be looked at also.

The next meeting was not scheduled, but will likely take place before the end of
the month.
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Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
October 28, 2002 Meeting at Sutter Maintenance Yard
Meeting Summary

Attendees:

Olen Zirkle, Ducks Unlimited

Kevin Foerster, USFWS - Sacramento NWRC
Mike Peters, USFWS - Sacramento NWRC

Paul Ward, CDFG

Keith Swanson, DWR - Division of Flood Management (DFM)
Karen Hull, DWR - DFM, Sutter Maintenance Yard
Joel Farias, DWR - DFM, Sutter Maintenance Yard
Art Winslow, DWR - Executive Office

Mike Tucker — NMFS

Michael Lee, USBR

Mike Heaton, USBR

Curtis Anderson, DWR - Northern District

Bill McLaughlin, DWR - Northern District

Summary

A brief review of the 5/30/02 meeting summary was discussed along with a
summary of the initial alternatives for the project. No corrections or additions
were suggested.

A hydrologic summary was given for Weir No. 2. Due to the lack of gaging

stations on the East Borrow Canal, only estimates of typical average daily flows
could be calculated. Discharge information for the B utte Slough near Meridian
gage from water years 1967 to 1998 and for the Wadsworth Canal near Sutter
gage from water years 1976 to 1996 was used. In addition, a 50-50 and 60-40
flow split was used for the Butte Slough near Meridian gage and the entire
Wadsworth Canal near Sutter flow to estimate flows in the East Borrow Canal.
Since a typical 3-day delay design flow analysis for a new fish ladder is not
possible due to the lack of hydrologic data at Weir No. 2 and the seasonal
flooding that occurs in the Sutter Bypass, an estimate was made to determine
when a swim through condition could possibly exist over the structure. For the
estimate, a constant stage of 38.0' (USED) was used upstream of Weir No. 2 and
flashboards removed for increased flows. The downstream water surface was
estimated by Mannings equation and a HEC-RAS analysis for various flows. It
appears that a swim through condition is not likely to occur past the structure
during the diversion season. A swim through condition would only exist when all
the flashboards in Weir No. 2 are removed to allow flood flows to pass.

A summary of the 9/12/2002 Weir No. 2 structural inspection was given. It
appears that the foundation is similar to the plans found for the initial 1925
structure. The plans show a 4” thick concrete foundation with sheet piling at the
upstream and downstream ends. The inspection revealed the following:
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o Concrete apron is heavily worn and aggregate is exposed.
0 Three holes were found in the concrete apron:
= The first hole, approximately 2 feet in diameter, is located in the
third bay from the west bank of the structure. The concrete edges
around the opening were rounded and the reinforcing steel was
mostly intact. There is a large void beneath the apron at this
location. The void measured 7 to 9 feet deep by 13 to 16 feet in
diameter.
= The second hole is also located in the third bay from the west bank
of the structure. This hole is 1% to 2 feet in diameter with a 1 -foot
deep void beneath the apron. This hole is near the downstream
edge of the apron.
= The third hole is located in the first bay from the west bank of the
structure. This hole is 1% to 2 feet in diameter with a 1 to 2-foot
deep void beneath the apron.

o Atthe downstream edge of the apron, the depth to soil from top of
concrete varies from 1% feet on the east side to 3 feet on the west side.

o Atthe downstream edge of the apron, approximately 20 feet from the west
abutment, a hole in the cutoff wall and an adjoining void were located
beneath the apron. The void measured approximately 7 feet long in the
direction of flow, and 1 to 2 feet wide.

o On top of the apron, near the fourth bay from the west side, there is a 3 to
4-foot diameter by 6 to 10-inch high mound of concrete or possibly
asphalt.

0 Rocks up to 9 inches indiameter were found on the apron floor within
several bays.

A copy of the complete structural evaluation memo will be sent out to the group.
It is likely that rebuilding Weir No. 2 would be more cost effective rather than
trying to make repairs to the existing structure to make it a reliable, watertight
structure. If the structure is rebuilt, there may be permitting advantages to
rebuilding at the same location. DWR-ND will look into that issue.

Left bank fish ladder options were discussed with the group. The ladder types
discussed were a full ice harbor, half ice harbor, and vertical slot. The full ice
harbor fish ladder would have a capacity of 50 to 60 cfs with a pair of 4-foot wide
weirs and 2-18" or 20" orifices. The half ice harbor fish ladder would have a
capacity of 25 to 30 cfs with a single 4-foot wide weir and 1-18" or 20” orifice.
The vertical slot fish ladder would have a capacity of 30 to 50 cfs with 12” or 15”
slots. The half ice harbor fish ladder was discarded due to the higher flow
capacity of the full ice harbor and vertical slot fish ladders. The June 30,
1998 Lower Butte Creek Project, Final Project Report recommends a new fish
ladder having a capacity of at least 40 cfs.

Two layout options were shown for the ladder types. A straight layout and a
wrap around layout along the left bank were discussed. The wrap around
layout was preferred by the group because of the smaller footprint and
accessibility for maintenance.
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DFG and NMFS engineers not present at the meeting will be consulted to
determine whether a full ice harbor or vertical slot fish ladder will be preferred for
Weir No. 2.

Modifications to Weir No. 2 were discussed. An early 1980’s draft plan by DWR
to replace Weir No. 2 with a constant upstream level gate and 7 bulkheads along
with a new fish ladder was shared with the group.

Information for a constant upstream level gate was presented to the group. The
benefit of this type of gate incorporated into Weir No. 2 is that it operates
automatically without outside power or a motor to maintain a constant upstream
elevation. The drawback is that the flooding that occurs on-site almost annually
would require a need to protect the gate from debris and require annual
maintenance due to submergence. Removing the gate annually may not be
feasible due to the 10-ton plus weight of the gate.

Another option to incorporate into Weir No. 2 would be an Obermeyer spillway
gate(s). This gate utilizes a large air bladder that raises and lowers a steel gate
panel. Nice features of this type of gate is that it can be programmed to maintain
a constant upstream elevation and can lay flat during the flood season without
being removed. A drawback could be how reliable and durable the air bladder is.
An instantaneous failure of the bladder/gate could cause a wall of water to be
released past the structure. If an Obermeyer gate is used, piers should be
incorporated so that the gate can be isolated with bulkheads and repaired
without a major dewatering effort. A single Obermeyer gate can be
incorporated along with bulkheads or multiple Obermeyer gates to make up the
entire structure.

A new, wider platform will be incorporated across the piers of the Weir No.
2 structure. The new platform could be wide enough to accommodate a
boom truck to install and remove bulkheads.

A cost estimate(s) for a new Weir No. 2 structure with fish ladder will be
prepared for the next meeting.

Concerns about fisheries dollars funding the construction of a new weir still exist.
Even so, CalFed funding may not be available for a while.

There was discussion about a previous plan to bring Feather River water from
Sutter Extension Water District that would flow through Wadsworth Canal and
then be siphoned under the East Borrow Canal to supply the refuge with water.
There appears to be concerns about running the water through Wadsworth Canal
including seepage onto adjacent farmlands. USBR will be meeting in the next
few weeks to discuss this plan. USFWS is not in favor of this plan. Even if this
plan is incorporated, removing Weir No. 2 does not seem to be an option since
other private diverters and DWR’s Pumping Plant No. 3 rely on the stage
maintained by the existing structure.

The next meeting was scheduled for December 19, 2002 at the Sutter
Maintenance Yard.



Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
December 19, 2002 Meeting at Sutter Maintenance Yard
Meeting Summary

Attendees:

Paul Ward, CDFG

Olen Zirkle, Ducks Unlimited

Keith Swanson, DWR - Division of Flood Management
Ken Dickerson, DWR, Sutter Maintenance Yard
Karen Hull, DWR - DFM, Sutter Maintenance Yard
Bryan Reniff, DWR - DFM, Sutter Maintenance Yard
Art Winslow, DWR - Executive Office

Debbie Carlisle, DWR - DPLA

Bill Peach, DWR - DPLA

Curtis Anderson, DWR - Northern District

Nancy Snodgrass, DWR - Northern District

Kevin Dossey, DWR - Northern District

Bill McLaughlin, DWR - Northern District

Mike Tucker, NMFS

Steve Thomas, NMFS

Paul Russell, Sutter Extension Water District

Dale Garrison, USFWS - Sacramento NWRC
Mike Peters, USFWS - Sacramento NWRC
Michael Lee, USBR

Buford Holt, USBR

Tim Rust, USBR

Summary

The October 28, 2002 meeting was briefly discussed along with a review of the
initial alternatives for the project. No corrections or additions were suggested.
An overview of the meeting between USFWS and USBR regarding long -term
water conveyance facilities to the Sutter National Wildlife Refuge was given.
USFWS has asked USBR to re-investigate the option of moving Refuge water
through Western Canal to Butte Creek to the Sutter Bypass to the Refuge. In
addition, USFWS requested USBR to work with DWR on the Weir No. 2 issue,
but funding will not likely be available for awhile. DWR will complete the final
preliminary engineering report this summer and look at funding opportunities at

that time.

A short video on Obermeyer gates was shown that demonstrated their use in

different applications.
Draft layouts of a vertical slot and full ice harbor fish ladder were discussed.

The entrance and exit for both fish ladders are identical except for their widths.
The exit is oriented perpendicular to the flow to prevent over-excavation of the

left bank of the East Borrow Canal levee and minimize debris problems.
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Velocities are low in the East Borrow Canal, so adverse hydraulic conditions
should not be introduced. This orientation should decrease debris in the fish
ladder. A coarse trash rack will be included at the exit. The entrance pool
includes three 2-foot wide entrance slots that will be controlled by flashboards.
The entrances can direct attraction flows either upstream, perpendicular to flow,
or downstream at an angle. There was a concern during the meeting that the
slots may need to be widened to prevent difficult hydraulic conditions for fish
entering the fish ladder. This concern will be looked into. It was noted during the
meeting that the new East-West Diversion, Weir No. 3, and Weir No. 5 structures
all utilize two-foot wide slots at their respective entrances. Plans for the projects
show two 1-foot wide slots were designed for those projects. Recent flooding of
the Sutter Bypass has submerged the structures, preventing observance of how
the new entrances perform at this time.

There was a concern that the area immediately upstream of the fish ladder
entrances could accumulate sediment and harbor predator fish. Addition of
concrete at a 45 degree angle to the walls to eliminate this dead area should
alleviate these potential problems.

Most stakeholders seemed to prefer the full ice harbor fish ladder over the
vertical slot fish ladder. It was suggested that DWR meet with George Heise
from DFG to get input for determining a preferable fish ladder.

o DWR met with George Heise on January 10, 2003 after information on the
project was e-mailed to him. George felt that either fish ladder would
function fine at Weir No. 2 and did not have a strong preference between
them. George will be added to the stakeholder list for future meetings.

Obermeyer type gates are preferred by the group over constant-upstream-head
gates for incorporation into a new weir design to provide automated control of
stage upstream of Weir No. 2.

It was suggested that DWR give a short presentation to the Anadromous Fish
Screening Program (AFSP) group to get their input on the project. The next
AFSP meeting is scheduled for January 9, 2003 at the USBR office in
Sacramento.

0 A short presentation was given to the AFSP group on January 9, 2003.
Comments by the group were limited.

Some cost estimates were not yet received by manufacturers. Thus, draft project
cost estimates were not prepared for the meeting. DWR will e-mail draft cost
estimates to the group in the latter part of January.

The next meeting was scheduled for February 20, 2003 from 9:00 am to 1:00 pm
at the Sutter Maintenance Yard.

An initial Willow Slough Weir Fish Passage Project stakeholder meeting will
immediately follow. That meeting should last about 1 hour.

A-10



Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
February 27, 2003 Meeting at Sutter Maintenance Yard
Meeting Summary

Attendees:

Paul Ward, CDFG

Olen Zirkle, Ducks Unlimited

Keith Swanson, DWR - Division of Flood Management
Ken Dickerson, DWR, Sutter Maintenance Yard
Art Winslow, DWR - Executive Office

Varda Disho, DWR - DPLA

Curtis Anderson, DWR - Northern District
Nancy Snodgrass, DWR - Northern District

Bill McLaughlin, DWR - Northern District

Steve Thomas, NMFS

Paul Russell, Sutter Extension Water District
Dale Garrison, USFWS - Sacramento NWRC
Mike Peters, USFWS - Sacramento NWRC
Steve Kasik, USFWS - Sacramento NWRC
Cesar Blanco, USFWS - AFRP

Michael Lee, USBR

Summary

No corrections or additions were suggested for the 12/19/2002 meeting
summary.

Selection of the Full Ice Harbor or Vertical Slot fish ladder was discussed. The
operation of the entrance and exits of the two ladders are the same since the
entrances and exits are identical. The only difference would be the adjustments
of a few weir boards in the upper 2 or 3 baffles and installing/removing stop gates
on the orifices of the Full Ice Harbor at flows of less than 60 cfs. The consensus
was that the multiple passage routes (2 weirs/2 orifices) of the Full Ice Harbor
fish ladder was preferred over the single slots of the Vertical Slot fish ladder. A
concern over the ability of the vertical slot to function at low flows was also a
factor. (DWR is being asked to design for a minimum flow of 5 cfs).

One set of weirs of the 2 or 3 upper baffles will be designed to be adjustable to
provide flexibility if the upstream stage should drop below the typical water
surface elevation of 38.5" (USED). The rest of the weirs will be fixed concrete.
DWR proposed a change to the fish ladder entrance. Rather than extending the
entrance into the channel to accommodate a downstream entrance, the entrance
wall is now flush with the rest of the fish ladder. The entrances are now
perpendicular to the flow in the East Borrow Canal. This change eliminates the
dead area that was discussed during the previous meeting. The dead area
between the fish ladder and weir structure would be prone to sediment
accumulation and harboring predatory fish. One of the 3 entrances will be
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eliminated since it was located too close to the last baffle and would create
hydraulic problems. It was suggested that wing walls could be added to one of
the entrances to provide a downstream directed entrance.

Head differences will be controlled by a pair of entrance slots (currently 2’ wide)
that can be used independently or together. The fish ladder will operate with 60
cfs of flow most of the time. The exception would be during low flow periods in
the East Borrow Canal of less than 60 cfs.

Typical entrance conditions for the new fish ladder were discussed. The new fish
ladder is being designed to accommodate the lowest downstream elevation of
24.52' USED recorded on April 17, 1991. Sutter Maintenance Yard staff was
asked to monitor a downstream staff gage at Weir No. 2 for two years (2001-
2002). The average stage during this period for the irrigation season was 29.81’
USED. The first few baffles will likely be inundated a majority of the time.

The layout of a new weir structure was discussed. The plan is to replace the
structure at the same location since keeping the existing structure in place to act
as a trash rack would add to maintenance duties. Previous discussions
considered rebuilding the new structure downstream of the existing one.

A new weir layout was presented and discussed. A Full Ice Harbor fish ladder
with the updated entrance was included. The new layout also included two
spillway gates located in the center bays of the new structure. The proposed
new structure consisted of 6- 12’ wide bays for a total flow width of 77’ including
piers. This is a slight reduction from the existing structure that has a total flow
width of approximately 80’. Flood Management staff said the 12’ wide bays for
bulkhead and stop logs in the manually operated bays are too wide for
maintenance, and should be reduced to 6’. DWR was asked to look into the
addition of a 3" or 4™ spillway gate that would reduce and minimize the need to
operate the manual bays. This will be looked into and presented at or prior to the
next meeting.

A working platform versus a drivable deck across the new structure was
discussed. It was suggested that costs could be saved by incorporating a
working platform that would be wider than the existing platform. A mobile crane
or gantry system would need to be used to remove/place bulkheads within the
structure. The other option would be to design a drivable deck that would
support a boom truck to maintain the bulkheads. Flood Management prefers the
drivable deck for easier maintenance of the structure. Sutter Yard would like the
deck to be removable during winter time flows. The Sutter National Wildlife
Refuge would like to see an open span within the structure so people can’t
access the refuge. Some sort of drivable or partially drivable deck appears to be
the preferred option at this time. Introducing a 3™ or 4" spillway gate could factor
into what type of access would be needed for the structure. If winter flows could
be handled with 3 or 4 spillway gates (at a cost agreeable to the group),
occasional bulkhead removals/placements may be cost effective by utilizing a
crane instead of a drivable deck.

It is anticipated at this time that a new fish ladder and new weir structure with 2
spillway gates would be in the low $3,000,000 range. The same structures
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incorporating 6 spillway gates would likely be in the $4,500,000 range. Costs are
continually be updated as the details of the project are worked out.

DWR provided a short presentation on the upcoming Willow Slough Fish
Passage Project.

The next meeting was scheduled for April 23, 2003 at 10:00 am, at the Sutter
Maintenance Yard.
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Lower Butte Creek - Sutter Bypass, Weir No. 2 Fish Passage Project
April 23, 2003 Meeting at Sutter Maintenance Yard
Meeting Summary

Attendees:

Paul Ward, CDFG

Tracy McReynolds, CDFG

Michele Ng, DWR - Division of Flood Management
Ken Dickerson, DWR, Sutter Maintenance Yard
Art Winslow, DWR - Executive Office

Nancy Snodgrass, DWR - Northern District

Bill McLaughlin, DWR - Northern District

Steve Thomas, NMFS

Mike Peters, USFWS - Sacramento NWRC
David Hu, USFWS - AFRP

Michael Lee, USBR

Summary

A short summary of the 02/27/03 meeting was given. No changes were
suggested for the summary.

The entrance slots for the full ice harbor fish ladder were discussed. A third
entrance slot was proposed in the chamfered turning pool wall directing flow
downstream at a 45° angle. Since the bottom portion of the fish ladder will be
submerged during typical tailwater stages in the East Borrow Canal (EBC), this
entrance would provide a shorter passage route for fish that enter at this location.
Water column depths of flow out of the entrance slots were discussed. Fora 1’
wide slot, a single column depth of about 12’ or two columns depths of about 6’
would be needed to pass the design flow of 58 cfs. Lower than average tailwater
surfaces could cause backwater effects when sufficient water column depths are
not present at the entrance which would create an unfavorable fish passage
condition. For 2’ wide slots, a single column depth of about 6.5’ or two columns
depths of about 3.5’ would be needed to pass the design flow of 58 cfs. It was
decided that the upstream most entrance (closest to the weir) would be a 1.5’
wide entrance slot and the other two (main and turning pool entrances) would be
2’ wide entrances.

The hydraulic effect of having 2, 3, or 4 spillway gates incorporated into the new
weir structure was discussed. For a new structure with 2 spillway gates,
velocities of approximately 9- 10 fps would likely exist for passage past the gates
and some adjustments to manual stoplogs/bulkheads may be required to prevent
any backwater effects. A structure with 3 spillway gates would have velocities of
approximately 5 - 6 fps for passage past the gates. Adjustments to manual
stoplogs/bulkheads are not likely required to pass flood flows. A new structure
with 4 spillway gates would have velocities of about 4 - 5 fps. No adjustments of
manual stoplogs/bulkheads would be needed for flood flows.
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The group decided that the cost difference between 2 or 3 spillway gates should
be provided to the group in order to determine a preferred alternative for a new
weir structure.

0 Ane-mail was sent to the group with cost information for the spillway gate
options on 5/7/2003. The responses received all favored the 3 spillway
gate as the preferred option.

Limited access to the refuge was suggested by having removable working
platforms. This can probably be accommodated by DWR Sutter Maintenance
Yard staff as long as operations are not affected.

The importance of maintaining a constant 38.5' (USED) elevation was
emphasized due to recent work that is being done to upgrade the Sutter National
Wildlife Refuge (SNWR) ditch system. A small drop in stage reduces the
diversion amount into the SNWR'’s diversion ditch.

It was suggested that a presentation be made to the Anadromous Fish Screening
Program (AFSP) group when the draft report is complete.

It was also suggested to keep the Reclamation Board aware of what is going on
with the project. They will be contacted with regards to preliminary geology work
and the project itself.

A preliminary geologic and environmental inspection will be included in the
appendix of the final report.

Another meeting for the Weir No. 2 Fish Passage Project was not scheduled.
The plan is to distribute drawings to the group for review at the end of May or
early part of June. The preliminary engineering technical report will be written as
the drawings are being reviewed.
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State of Califernia The Resources Agency
Memorandum

Date: 0CT 25 7002

To: Wiliam MclLaughlin, Associate Engineer
Northern District

Timothy Talbert, Sr. Structural Specialist
Rivision of Engineering
Srom: Department of Water Resources

subject:  Welr No. 2 Structural Evaluation

Introduction

On August 9, 2002, you requested that the Division of Engineering, Structures
Section perform an evaluation of Weir No. 2, which is located in the East Borrow
Canal of the Sutter Bypass. You indicated that a new fish ladder is being proposed to
replace an existing, poorly functioning fish ladder at the weir structure and that there
are general concerns regarding the integrity of the structure’s foundation. You also
indicated that past flow measurements at the weir and just downstream of the weir
indicate that seepage under the foundation may be significant.

This memorandum transmits the results of the Structures Section's evaluation,
which includes an assessment of the current condition of the weir structure,
constructability of a new fish ladder, and recommendations for the current weir

structure. The evaluation is based on a review of engineering drawings and two site
inspections.

Weir Structure Description

The welr structure consists of a reinforced concrete apron, 11 reinforced
concrete piers, and a concrete steppool fish ladder incorporated into the west
abutment. The concrete apron. originally constructed in 1925, is 104 feet long, 35 feet
wide and four inches thick. Sheet pile cutoff walls are integrated into the apron at its
upstream and downstream edges. The apron and cutoff walls form the foundation for
the welr structure. The concrete piers, approximately 12-1/2 feet tall, were
constructec in 1946 to replace a timber flashbeard-type dam built as part of the
original structure. The piers provide support for removable timber flashboards. The
flashboards are in place during the spring, summer and fall to increase water depth
within the canal upstream of the weir structure, which is necessary for the Sutter
National Wildlife Refuge and agricultural water diversions. The flashboards are
removed in the winter to allow for passage of high canal flows.
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SURNAME 3 _+ l C-2 _ :
TWR 155 (Rev 4i02) [ //Z/\/ i !

1o]z5|0z



Willlam MclLaughlin, Associate Engineer
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Page 2

Site Inspections

| inspected the site on August 15, 2002. On this day, the weir flashboards were
in place and water was flowing over the top flashboard in each of the 12 bays. The
water depths were approximately 10 feet on the upstream side of the flashboards and
three feet on the downstream side. The welir structure visible (above water) appeared
to be in good condftion with no signs of deterioration. Since the condition of the
submerged portion of the structure could not be adequately assessed, an underwater
inspection of the structure was scheduled to investigate a known hole in the concrete
floor {found previously by a Northern District survey crew).

On September 12, 2002, an underwater inspection of the weir was conducted.
In order to perform this inspection, it was necessary to reduce the flow through the
weir structure as much as possible. To accomplish this, Flood Management - Sutter
Maintenance Yard staff removed all of the weir's flashboards the day before the
inspection and then replaced them just prior to divers entering the water. This
reduced the flow to the amount of leakage between the flashboards; there was no flow
over the top of the flashboards. The inspection revealed the following:

. Concrete apron is heavily worn and aggregate is exposed.
) Three holes were found in the concrete apron:
. The first hole, approximately 2 feet in diameter, is located in the third

bay from the west bank of the structure. The concrete edges around the
opening were rounded and the reinforcing steel was mostly intact.
There is a large void beneath the apron at this location. The void
measured 7 to 9 feet deep by 13 to 16 feet in diameter.

. The second hole is also located in the third bay from the west bank of
the structure. This hole i1s 1-1/2 to 2 feet in diameter with a 1-foot deep

void beneath the apron. This hole is near the downstream edge of the
apron.

. The third hole is located in the first bay from the west bank of the
structare. This hole 1s 1-1/2 to 2 feet in diameter with a 1 to 2-foot deep
void beneath the apron.

. Al the downstream edge of the apron, the depth to soil from top of concrete
varies from 1-1/2 feet on the east side to 3 feet on the west side.



William MclLaughlin, Associate Engineer
0CT 23 2002
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At the downstream edge of the apron, approximately 20 feet from the west
abutment, a hole in the cutoff wall and an adjoining void were located beneath

the apron. The void measured approximately 7 feet long in the direction of
flow, and 1 to 2 feet wide.

On top of the apron, near the fourth bay from the west side, there is g 3 to 4-
foot diameter by 6 to 10-inch high mound of concrete or possibly asphalt.

Rocks up to 9 inches in diameter were found on the apron floor within several
bays.

The attached drawing shows the findings of the underwater inspection,

Conclusions

The weir's foundation, which includes the concrete apron and cutoff walls,

shows signs of significant deterioration, while the concrete piers and abutments
appear to be in good condition. Without corrective actions, this deterioration will
continue until foundation failure oceurs, which would likely render the weir structure
inoperable. The following are important areas of concern:

Significant damage to concrete apron - The apron is extremely worn and in
three locations the concrete has completely worn away, allowing the underlying
soil to erode, In the worst location, the third bay from the west abutment, the
erosion has lead to significant undermining of the apron and a concrete pier.
Failure of the apron at this location could cause the supported pier to topple,
rendering the weir structure inoperable.

Seepage through cutoff wall - There is a hole in the downstream cutoff wall
along with an adjoining void. This indicates that seepage does occur and that
the seepage is sufficient to erode the underling soil. In addition, given the age
of the cutoff wall, it is probable that other holes exist.

Exwent of undermining is unknown, but appears to be significant - Given the
defects in the apron and cutoff wall and the likelihood of additional undetected
defects, it is probable that the extent of undermining is much worse than the
welr inspections reveal.
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New Fish Ladder Constructability

Replacing the existing Weir No. 2 fish ladder with a new fish ladder is possible.
Based on Northern District's preliminary concepts for a new fish ladder, the work
would include the following:

. Dewater the work site - likely using earthen coffer dams located upstream and
downstream of the weir structure.

. Demolish the existing fish ladder and two to three eastern weir bays.

. Excavate foundation.

. Replace the existing fish ladder with new weir bays.

. Replace the two to three weir bays near the east abutment with a new fish
ladder,

An operational fish ladder at this location reguires an operational weir.
Constructing a new fish ladder designed to operate for 30 or more years requires that
the weir be operational for the same period of time. The options to achieve this level
of weir service are to improve the existing weir structure or replace it.

Significant cost savings could be achieved if weir improvements coincide with
the replacement of the fish ladder: dewatering and mobilization costs would be
avoided along with other economies of scale savings, including inspection and .
contract administration costs savings. Therefore, for the purpose of this evaluation, it
is assumed that any weir improvement work would coincide with fish ladder
replacement.

Minimum weir improvements necessary for an adequate service life include:

. Coring and grouting concrete apron to eliminate voids.

. Reconstructing upstream and downstream seepage cutoff walls.

. Covering the entire apron with a wear layer of high-strength concrete.

. Placing riprap to prevent erosion at downstream edge of apron.

. Replacing the access platform with a safe, all-weather access platform.
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Replacing the weir with a structure meeting current design standards would
guarantee a sound structure and allow for operational improvements. The current
method for removing and installing flashboards are labor intensive. A new weir
structure could include features to ease flashboard removal and installation.
Censtruction of a replacement weir would include:

o Demolition of weir structure.

. Construction of upstream and downstream cutoff walls, concrete apron, and
concrete piers. The east abutment appears sound and likely would remain in
place.

. Construction of an access platform.

. Installation of flashboard/bulkhead lifting device or use of a boom truck or
crane.

Assuming that funding is available for either option at the time the new fish
ladder is constructed, | recommend that the weir structure be replaced. The amount
of work required to replace the weir is not significantly more than that required to
improve the existing weir and there are additional safety and operational benefits.

Recommendations fof Current Weir Structure

The weir site inspections revealed signs of significant structural deterioration.
In order to prevent further deterioration and possible structural failure, | recommend
that the following actions be taken as soon as possible:

. Fill all known voids with concrete to pravent further soil erosion and apron
undermining.

. Re-inspect weir apron by sealing flashboards with plastic so that seepage
through the flashboards is minimized. Tris will allow a more complate
investigation of the apron and possibly allow detection of seepage under the
apron.

* Institute a weir inspection plan that includes thorough periodic inspections of
the apron. The apron has worn completely away in three areas and will likely
wear away in other areas. When new holes are found, they should be filled
with concrete as soon as possihle.
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These actions should be considered an intermediate fix until the weir structure
is either replaced or significantly improved, The weir foundation consists of a nearly
80-year-old concrete apron connected to steel sheet pile cutoff walls. This foundation

is significantly deteriorated and will continue to deteriorate until more permanent
improvements can be made.

cc:  J. Schaliberger, DOE, Rm. 313-B, Bonderson
C. Diaz, DOE, Rm. 313-A, Bonderson
K. Swanscn, DOFM, Rm. 114
K. Dickerson, DOFM, Sutter Maintenance Yard
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Stats of Californla The Rescurces Agency

Memorandum

Date: Decemper 29, 2003 Project Geology

Repcrt No. 84-00-22
To: Bilt MeLaughiin

Ncrthern District, DPLA

Frank L. Glick, Chief
Praject Geclogy Section
From. Department of Water Resources

[0
L7
m
[4]

Sutter Bypass Improvements, Weir No, 2; Results o Geologic Exploration Program

Intreduction

Pursuant to your May 2003 request for a geologic foundation investigation of
the Sutter Bypass YWeir No. 2 structure, and subseguen: communications with
Brert Lamkin of my staff, we have prepared this report of geologic conditions. This
recort was prepared ny Mr. Lamkin, with assistance from Al Laguardia and
Shelly Asbury, of Project Geology. Geologic exploration for the site was conducted
oy Project Geology on June 23 ard 24, 2003, pursuant to the exploraticn proposal
transmitted from Brent Lamkin to you on June 8, 2003,

Our understanding is that the existing structure was constructed in 1825,
modified in the 1940s, and is now deteriorating with the foundation being undercut by
water flowing beneatn the structure. A structural evaluation of the existing structure
was conductad by Tim Talbert, of the Division of Engineering’s Civil Engineering
Branch, in August and Ssptember 2002 (Attachmenrt 1). While Mr. Talberi's
assessment found severe problems with the concrete slab focting anc sheet-piie cut-
off walls, no signs of settlement or cther soil foundation prebiems were noted except
for undercuiting by erosion. The results of that evaluation precipitatec the planning
and design for replacement cf the weir, Northern District is currently preparing a
prelimirary design for a replacement weir structure af the same location as the
existing weir.

The Weir No. 2 structure is located in Suiter County, on the east side of the
Sutter Bypass, approximately eight miles west-southwest of Yuba City (Plate 1). The
welr cantrols wa'er flow and stage in the East Borrow Canal, along the eastern
edge of the Sutter Bypass. Ar existing fish ladder provides fish gassage past the
Weir Number 2 structure.
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Bill MclLaughlin
December 28, 2003
Page 2

Previous Ceclogic investigation

Geologic expleration was conducted for, and a new weir stricture was designed,
to replace the existing structure in the mid-1980s. The new weir was to have been
located approximately 100 feet south of the current structure, and was designed by staff
of the Division of Design and Construction (now Division of Enginesring). Project
Geology drilled two exploration borings (SB-1 and SB-2) of 51.5 and 61.5 feet below
ground surface on the abutments of the proposed weir (Plate 2). Those borings showed
that site soils consisted mainly of lean clays, but also included ciayey sands, silty sands,
silt, and a pocrly graded sand at the surface of the right (west) abutment. Uncorrected
Standard Penetraticn Test (SPT) values ranged from N=2 (clayey sand at 9 feet bgs) to
N=97 (claysy sand at 25 feet bgs); generally, the soils were very stiff or denss, and
were deemed fc be suitable for the proposed structure. The structurs, however, was

never built, A copy of the May 1986 Project Geology memorandum repert of geciogic
exploration is included as Attachmen? 2.

2003 Geolicgic Exploration

On June 23 and 24, 2003, two exploration borings (SW2-1 and SW2-2) were
drilled at the site to characterize foundation conditions for the replacement weir
structure (Plate 2); SW2-1 was located about 25 feet sast of the existing weir, while
S\W2-2 was drillec approximately 20 feet west of the weir's left abutment (Plate 2).
Soils encountered in the borings were logged (Atiachment 2) using the Unified Soi!
Classlification System pursuant to ASTM Standard D 2488 by Tim Todd, Engineering
Geologist (Range Cj), from the Preject Geology Section. Mr. Todd also directed the
drilling and sampling activities by the drilling Contractor. Both borings were drilled by
Spectrum Exploration. of Stockton, California using & Central Mine Eguipment Model
85 ruber-tired drill-rig. The borings were advanced to 60.0 feet below ground surfase
(bgs} using 8.25-inch C D, holiow-ster augers. Auger cuttings were spread adjacent to
each drill hole, while the berings were backfilled with sentone-cement grout using a
tremie line.

Soll samples were coliected at approximately five-foot intervals or laboratory
analyses of physical properties. The sampling sequence consisted of augering 1o the
desired sample depth where a 3.0 inch G.D. x 30 inch leng Skelay tube wolld tyoicaly
be pushed 24 inches to coliect a relatvely undisturbed soll sample: #he Shelby tube
sampies were wimmed, cagped, labeled, and boxed “or transport to the Bryte Soils Lab
for analysis. Folowing the push samzle, a Standard Penetration Test (SPT) samc'e

was collected by driving a 1.35 inch 1.D. by 24 inch long SPT sample barral
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18 inches pursuant to ASTM Standards D 1586 and D 6066, The SPT soil samples
were logged by the Engineering Geologist, then bagged and labeied for transport to the
Bryte Soils Lab for analysis. Driven samples were collected tc a depth of 61.5 feet bgs
in both bhorings drilled at the site,

Groundwater depths were not determined in the borings, as it was necessary to
add water during sampling. However, surface water in the adjacent East Borrow Cana!
was estimated at approximately six fest below the greund surface, or at approximately
elevation 37 to 38 feet. The depth to groundwater is probably at the same eiavation.

Laboratory Testing of Sails

As mentioned above, relatively undisturbed Shelby tube and disturbed, driven,
SPT soil semples were coliected for laboratory analyses, at roughiy fve-foot intervals.
Shelby tube samples from both borings were transported to the Department of Water
Resources’ Bryte Solls Lak for testing. Soil samples from the foundation were proposed
for consolidated, undrained, triaxizl shear strength testing (CUE), pursuant to ASTM
Stancard D 4767, as modified by DWR for measuring pore pressure. This testing was
requested for sample S-4 from both SW2-1 and SW2-2, collected from 20.0 to 22.0 fest
bgs. Two samples from SW2-1 were successfully tested at confining stresses of
1.25 ksc and 2.0 ksc; the third sample collapsed before it could be tested at 0.80 kse.
A substitute sample from the same soil unit (silty sand/pocrly graded sand with silt) was
tesied from sample S-3 (15.0 10 17.0 feet bgs) at 0.80 ksc, As the integrity of the
sample was questionable, sample $-3 from SW2-2 (15.0 to 17.0 fest bgs) was used for
shear strength testing instead of S-4. All unused Shelby tube samples will be stored at
the soils las for additional analyses, if needed.

A review of the triaxial shear testing data shows that the silty sand/poorly graded
sand with siit thal makes up the foundation beneath the existing and proposed welr
structures are of relatively high strength, An effective strain of 5 percent and a total
strain of 10 percent were used for generation of Mohr failure envelove plots of the data:
the cohesion and phi values were obtained from three different confining stresses. The
drained sample from SW2-1 exhibited a cohesion ¢f ¢'=1,000 psf and phi=28 degrees,
while the undrained sample averaged ¢=4,000 psf and phi=15 degrees. In the samples
fram SW2-2, draired cohesion was ¢'=0 psf and phi=40 degraes, while the Lndraned
sampies averaged a cohasion of c=2 500 psf and phi=13 degrees. The triaxial shear
testing laboratory reports, data, anc p'ots can be “ound in Attackment 4.
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in addition to shear strength testing, selecied sampies wers also submitted
for gradational anzalysis and determination of Atterberg limits, or plasticity index.
Five samples from SW2-1, and four samples from SW2-2 were submiftad for
gradational/mechanical analysis pursuant to ASTV, Standard D 422, and Atterbery
limits pursuant to ASTM D 4218; samples that were determined to be non-cohesive
were not analyzed for plasticity index determination. Samples selected for gradation
and plasticity analyses were based on the depth and cccurrence of different soil types
encountered in each boring. For baring SW2-1, samgles B-1 (7-8.5), B-3 (17-18.5"),
B-5 (26-27.57%, B-7 (36-37.5"), and B-9 (47-48.5") were submited for gradation and
plasdfcity analysis; the seme analyses were requested for samples B-2 (12-13.5)
B-3 (17-18.5), B4 (22-23.5", and B-5 (27-28.5") from boring SW2-2. All unused
SPT bag samples wili be stored at the soils lab for additional analyses, if needed.

Laboratory analyses for gradatior: and Alterberg limits of the soil samples were
compleied on September 15, 2003. Attachment 4 shows laboratery classification of
solis ranging from a fat clay with a plasticity index of 38 (SW2-2, sample B-4.
22.0-23.5" bys) to poorly graded sand with sift exhibiting ro plasticity (SW2-1, sample
B-3, 17.0-18.5" bgs). While the field and laboratory classifications did not always agree,
they usually were within one classification of each other; for example, sample B-3 from
boring SW2-2 was clzssified in the field as clayey sand, whereas laboratory testing
showed it to be silty sard. The only exceptions to this were samgple B-4 from
SW2-2, and sample B-1 from SW2-1. Sample B-4, from boring SW2-2, was logged as
clayey sand (SC) for the first 12 inches, and lean clay (CL) for the remaining 6 inches;
laboratory analysis classified sample B-4 as a fat clay {CH). Sample B-1, from Eoring
SW2-1, was foggec as silty sand, while the laborztcry classified it as silt with sand. The
digcrepancy in the fizld and lao classifcations may be the result of heterogeneity within
the sample, and/or sample praparation, along with the inherent differences betwezan the
classification methods.

Site Geolegic Conditions

Weir No. 2, and the surrounding area, are located within Quaternary Alluvium
(Qal) soils of the Sacramento Valley. The drili hole logs frem both borings drilled as part
of this investigation show that soils beneath and adjacent o the existing weir are
precominantly lsan clay, with lesser amcunis of sily sand, cavey sand, and si't
(Attachmert 3). The invert of the existing structure is at abo.ian elevation of 25 ‘eet,
The boring log for S¥W2-1 shows ‘hat the eastern zortion of the welr is founded on
pootly gradec sand with siif to siity sand (SF/SM}, wiile the data from SW2-2 shows
that the western sids is resting on siity to ciayey sanc (SV/SCE. The sunsurface
geology of the site is depicted in Cross Section A — A, found on Plate 2.
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Left/East Abutment

The geologlic log for SW2-1 (Attachmen: 3), located on the left/east abutment,
shows that surface and near-surface soils consist of sancy lean clay to a depth of
7.0 feet bys, overlying silty sand from 7.0 to 24 feet bgs; laboratory analyses of sampie
B-1(7.0-8.5 feet bygs) classified the top of the silty sand unit as a silt with sand, while
sample B-3 (17.0-18.5" bgs) from the middle of the unit, and directly above the the
proposed and existing weir inverts, was classified as peorly graded sand with silt. Soiis
beneath the silty sand foundation unit consisted mainly of lean clay with varying
amounts of sand (24.0-28.0" bgs, 28.0-44.0' bys, 49.0-54.0" bgs, and 57.0-61.5' bgs),
with lenses of sandy silt (44.0-49.0' bygs), and silty sand (54.0-57.0’ bgs). Labcratory
analyses of samples B-5 (26.0-27.5" bgs) and B-7 (36.0-37.5" bgs) confirmed them ss
the sandy lean clay and lean clay they were logged as in the field, while laboratory
testing of sample B-& (47.0-48.5 feet bys) incicated that the sandy sili logged from
44.0-49.0 feet bgs wes actually a sikty sand. Uncorrected SPT values for SW2-1 ranged
from N=7 (7.8-8.5" bgs) near the surface in silty sand to N=57 (31.0-32.0' bgs) near the
rmiddle of the boring in lean clay. The N vaiues show a wide range of soil consistencies,
from slightly compact near the surface to very hard at depth. The lithologic descriptions
ana N values for the left abutment of the weir are depicted on Geologic Section A — A
(Plate 3).

The geologic log for boring SB-1, drilled in 1986 as part of the previous weir
replacement investigation, showed soils similar tc those found in SW2-1. The
predominant soil type logged was lean clay, with lenses of clayey sand, silty sand, and
silt. SPT values were recerded ranging from N=11 in clayey sand near the surface
(5.5-8.5" bgs) to N=96 (25.5-26.5’ bgs) in a siity sand around the mid-point depth of the
boring. Standard Penetration Test N values in the 18286 bering showed variable soll
consistencies ranging from slightly compact to very darse. Generally, the SPT “N”
values appeared to be higher in SB-1 than in SW2-1. The drill hole lcg for SB-1 is
contained in Attachment 2 as part of the Projest Geclogy exploration renort for a
reptacemeant weir.

Right/WWest Abutment

The lithology of the weir's right/west abutment was lcgged from boring SW2-2.
The soils encountered were primarily lean clay with varying amounts of sand. Near-
surface scils consisted of sandy lsan clay to a deptn of 14.5 feet bgs, overlying a
clayzy sand extending to 23.C ‘st bgs: laboratery classification of a sampie
(B-2, 12.0-23.5" bygs) from the base of the sandy lzan clay incicated it was 2 silt, while
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one sample (B-3, 17.0-18.8' bgs) from the clayey sand was classified as silty sand.
Soils beneath the clayey sand foundation of the weir consisted primarily of lean clay
with varying amounts of sand (23.0-32.9" bgs, 37.0-46.0" bgs, and 52.0-81.5’ bgs} and
lean clay with clayey sand lenses (32.0-37.0° bgs and 46.0-52.0" bgs)., However,
laboratory classification of sample B-4 (22.0-23.5' bys) showsad that *he base of the
clayey sand. and the top of the underlying lean clay, was actually a fat clay; l[aboratory
analyses of sample B-5 (27.0-28.5' bygs) indicated that it was silt, instead of the lean
clay it was logged as in the field. Boring SW2-2 exhibited uncorrected SPT values
ranging from N=1 (7.5-8.5" bgs) in near-surface sandy clay to N=48 (47 5-48 5 bgs) for
a clayey sand 14 feet from the bottom of the boring. The N values show 2 very wide
range of soll consistencies, from very soft near the surface to dense at depth. Litholegic
descriptions and SPT values are shown on the dril hole logs (Attachment 2} and on
Geologic Section A — A, shown an Plate 3.

The geologic log for boring SB-2, also drilled in 1986 as part of the previous weir
replacement investigation (Attachment 2), showed predeminantly fine-grained soils
similar to those found in SW2-2, The primary soil type logged was lean clay, with
lenses of clayey sand and silty sand; however, unlike any of the other borings,

SB-2 contained poorly graded sand from the surface to eight feet bgs. SPT values
were recorded ranging from N=2 near the surface (3.5-10.5' bgs) in clayey sand to
N=90+ (25.5-26.5" bys) also in a clayey sand just above the mid-point depth of the
bering, Uncorrected Standard Penetration Test N vajues in the 1988 porirg showed
widely variable sall consistencies ranging frem very loose to very dense, Generally, the
SPT “N" values appeared to be higher in SB-2, than in SW2-2.

New Weir Foundation Cond'tions

In conversations between you and Brent, and in a proposed weir profile you
provided to Tim Todd, you indicatec that the invert of the proposed weir will be at
appicximately elevation 26 feet, with a concrete slab focting extending about 2 feet
deeper, or elevation 24 feet. Al that elevation, the new weir will be foundad on poorly
graded sand with silt to silly sand (SW2-1) and ¢ilty to clayey sand (SWZ2Z-2). Both
foundaticn soil types exiend below the preposed foundation an additional four feet,
where they overle lean clay soi's in SW2-1 and siit, lean clay, and some fat clay in
SW2-2 (Plate 3 and Atlachiment 3). Uncorrected SPT blow counts of N=32 ielevation
25.810 26.9") for SW2-1, and N=19 (elevation 24,5 0 25.5') “or SW2-2 were measured
within the upper foundation of the proposed wair structure, and show the solls to be
compact {0 dense. Uncorrected SPT values for the next interval tested in the
foundation soils were N=13 (glevation 28.5 13 21.5" for SW2-1, and N=24 (elevation
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19.510 20.87) in SW2-2, exhibiting consistencies ranging from slightly compaci to
hard/dense. The underlying, very hard, tean clay unit exhibited higher SPT values of
N=46 (26.5-27.5" bgs) in SW2-1. and N=43 (27.5-28.5 bgs) in SWW2-2.

Triaxial shear testing of the silty sand foundation soils showed them to be of high
strength, with undrained cohesion values of c=2.500 to 4,000 psf, and phi angles
ranging from 13 fo 15 degrees; drained cohesion vaiues ranged from ¢'=0 to 1,000 psf,
and phi values of 28 1o 40 degrees. The uncorrected SPT N values appear to
correspond well with the triaxial shear test data, espeacially in SW2-1, where uncorrected
biow counts of N=32 were recorded at elevation 25.5 to 27.0 fest; the same elevation in
SW2-2 exhibiied an uncorrected value of N=19.

Conclusions and Recommendations

e The proposed weir structure will be founded on clayey sands and silty sand
Quaternary alluvium soils, replacing the existing structure at the same location.
Foundation soils at the site have performed well during the life of the existing
structure, and were found to be suitable for supporting the proposed structure;
they are also very suitable for driving piles for additional support, if needed,
Some of the SPT values recorded in the two soil berings at and immediately
below the proposed weir invert were relatively low for a spread footing
foundation. However, N values for the same elevations beneath the existing
2nd proposed weirs are expected to be higher because of consclidation and
:oading from the existing structure for over 75 years. While the existing
structure has not exhibited any foundation problems, it may be desiratle %o
move the invert of the slab/spread footing foundation from the currently
proposed elevation of 26 feet tc an elevation of 20 feat. At an elevation of
20 feet, the structure will be founded on a very hard, lean clay with uncorrectad
SPT values of N=43 to N=486; this would lesson the iikelihood of settlerent
andfor liquefaction curing a seismic event. The same result could glsc be
accomplished with & pile-supported, or reinforced, fourdation.

« While groundwater elevations were not determired during this investigation, they
can ke assumed to coincide with surface water levels in the adijacer: East
Sorrow Canal, at approximately elevation 37 fest. Thersfore, groundwater
should be anticivated in excavatiors at or below that elevation, Dewatering will
ke required in and/or around the demolition of the existing structure, and
excavations and construction of the replacemeant weair. As the canal is
contirucusly filled with water, and the clayey scils may not drain well, any
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cewatering for construction should be done in stages fo prevent possible
pore-pressure-induced slope failures.

» The materiais at the site can be excavated usirg common methods and
- eqguipment, The presence of groundwater in the weir foundation sails may
impact the selection of the ecuipment to ke used. As the shallow abutment soils
were relatively soft, and exhibited relatively low N values, some support may be
required to stabilize the abutments during demolition and foundation preparation,
especially at the right abutment. Sheet piles may be the best method for

temporarily supporting the exposed abutments prior to and during construction of
the new weir structure.

» An engineering geologist from DWR should make periodic inspections durirg
construction o record the geologic conditions encouniared.

Thank you for the opportunity to assist you with this project. If you have any
guestions, or need additional information, please contact me at (916) 323-8928, or
Brent Lamkin at (S16) 323-8825.

Attachmenis

cer Raon Lee
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2002 Weir No. 2 Structural Analysis Report
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State of California

The Resaurces Agency

Memorandum

Cate:

Tor

Frem:

S.bject:

0CT 25 2002

William McLaughlin, Associate Engineer
Northern District

Timothy Talbert, Sr. Structural Specialist
Division of Engineering
Department of Water Resources

Weir No. 2 Structural Evaluation

Introduction

On August 9, 2002, you requested that the Division of Engineering, Structures
Section perform an evaluation of Weir No. 2, which is located in the East Borrow
Canal of the Sutter Bypass. You indicated that a new fish |adder is being proposed to
replace an existing, poorly functioning fish ladder at the weir structure and that there
are general concerns regarding the integrity of the structure’s foundation. You also
indicated that past flow measurements at the weir and just downstream of the weir
indicate that seepage under the foundation may be significant.

This memarandum transmits the resulis of the Structures Section's evaluation,
which includes an assessment of the current condition of the weir structure,
constructability of a new fish ladder, and recommendations for the current weir

structure. The evaluation is based on a review of engineering drawings and two site
inspections.

Weir Structure Description

The weir structure consists of a reinforced concrete apron, 11 reinforced
concrete piers, and a concrete steppool fish ladder incorporated into the west
abutment. The concrete apron, originally constructed in 1925, is 104 feet long, 35 feet
wide and four inches thick. Sheet pile cutoff walls are integrated into the apron at its
upstream and downstream edges. The apron and cuteff walls form the foundation for
the weir structure. The concrete piers, approximately 12-1/2 feet tall, were
constructed in 1946 to replace a timber flashboard-type dam built as part of the
original structure. The piers provide support for removable timber flashboards. The
flashboards are in ptace during the spring, summer and fall to increase water depth
within the canal upstream of the weir structure, which is necessary for the Sutter
National Wildlife Refuge and agricultural water diversions. The flashboards are
removed in the winter to allow for passage of high canal flows,
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Site Inspections

[ inspected the site on August 15, 2002. On this day, the weir flashboards were
in place and water was flowing over the top flashboard in each of the 12 bays. The
water depths were approximately 10 feet on the upstream side of the flashboards and
three feet on the downstream side. The weir structure visible (above water) appeared
to be in good condition with no signs of deterioration. Since the condition of the
submerged portion of the structure could not be adequately assessed, an underwater
inspection of the structure was scheduled to investigate a known hole in the concrete
floor (found previously by a Northern District survey crew).

On September 12, 2002, an underwater inspection of the weir was conducted.
In order to perform this inspection, it was necessary to reduce the flow through the
weir structure as much as possible. To accomplish this, Flood Management — Sutter
Maintenance Yard staff removed all of the weir's flashboards the day before the
inspection and then replaced them just prior to divers entering the water. This
reduced the flow to the amount of leakage between the flashboards: there was no flow
over the top of the flashboards. The inspection revealed the following:

. Concrete apron is heavily wormn and aggregate is exposed,
. Three holes were found in the concrete apron:
. The first hole, approximately 2 feet in diameter, is located in the third

bay from the west bank of the structure. The concrete edges around the
opening were rounded and the reinforcing steel was mostly intact.
There is a large void beneath the apron at this location. The void
measured 7 1o 9 feet deep by 13 to 16 feset in diameter,

» The second hole is also located in the third ba*y from the west bank of
the structure. This hole is 1-1/2 to 2 feet in diameter with a 1-foot deep

void beneath the apron. This hole is near the downstream edge of the
apron.

. The third hole is located in the first bay from the west bank of the

structure. This hole is 1-1/2 to 2 feet in diametar with a 1 to 2-foot deep
void beneath the apron.

. At the downstream edge of the apron, the depth to soit from top of concrete
varies from 1-1/2 feet on the east side to 3 feet on the weast side.

D-13
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» Al the downstream edge of the apron, approximately 20 feet from the west
abutment, a hole in the cutoff wall and an adjoining void were located beneath

the apron. The void measured approximately 7 feet long in the direction of
flow, and 1 to 2 feet wide.

» On top of the apron, near the fourth bay from the west side, there is a 3 to 4-
foot diameter by 6 to 10-inch high mound of concrete or possibly asphalt.

. Rocks up to 9 inches in diameter were found on the apron floor within several
bays,

The attached drawing shows the findings of the underwater inspection.

Conclusions

The weir's foundation, which includes the concrete apron and cutoff walls,
shows signs of significant deterioration, while the concrete piers and abutments
appear to be in good condition. Without corrective actions, this deterioration will
continue until foundation failure occurs, which would likely render the weir structure
inoperable. The following are important areas of concern:

* Significant damage to concrete apron - The apron is extremsly worn and in
three locations the concrete has completely worn away, allowing the undertying
soil to erode, In the worst location, the third bay from the west abutment, the
erosion has lead to significant undermining of the apron and a concrete pier.
Failure of the apron at this location could cause the stpported pier to topple,
rendering the weir structure inoperable.

» Seepage through cutoff wall - There is a hole in the downstream cutoff wall
along with an adjoining void. This indicates that seepage does occur and that
the seepage is sufficient to ercde the underling soil. In addition, given the age
of the cutoff wall, it is probable that other holes exist.

¢ Extent of undermining is unknown, but appears io be significant - Given the
- defects in the apron and cutoff wall and the likelihood of additional undetected

defects, it is probable that the extent of undermining is much worse than the
welr tnspections reveal,
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New Fish Ladder Constructability

Replacing the existing Weir No. 2 fish ladder with a new fish ladder is possible.
Based on Northern District's preliminary concepts for a new fish ladder, the work
would include the following:

. Dewater the work site - likely using earthen coffer dams located upstream and
downstream of the weir structure.

» Demolish the existing fish ladder and two to three eastern weir bays.

. Excavate foundation.

. Replace the existing fish tadder with new weir bays.

. riiglace the two 1o three weir bays near the east abutment with a new fish
adder,

An operational fish ladder at this location requires an operational weir.
Constructing a new fish ladder designed to operate for 30 or more years requires that
the weir be operational for the same period of time. The options to achieve this level
of weir service are to improve the existing weir structure or replace it.

Significant cost savings could be achieved if weir improvements coincide with
the replacement of the fish ladder: dewatering and mobilization costs would be
avoided along with other economies of scale savings. including inspection and
contract administration costs savings. Therefore, for the purpose of this evaluation, it

s assumed that any weir improvement work would coincide with fish ladder
reptacement.

Minimum weir improvements necessary for an adequate service life include:
. Coring and grouting congcrete apron to eliminate voids.

. Reconstructing upstream and downstream seepage cutoff walls,

4

Covering the entire apron with a wear layer of nigh-strength conciete.
. Placing riprap to prevent erosion at downstream edge of apron,

. Replacing the access platform with a safe, all-weather access platform.
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Replacing the weir with a structure meeting current design standards would

guarantee a sound structure and atlow for operational improvements. The current
method for removing and installing flashboards are labor intensive. A new weir
structure could include features to ease flashboard removal and installation,
Construction of a replacement weir would include:

Demalition of weir structure.

Construction of upstream and downstream cutoff walls, concrete apron, and

concrete piers. The east abutment appears sound and likely would remain in
place.

Construction of an access platform.

Installation of flashboard/bulkhead lifting device or use of a boom truck or

crane.

Assuming that funding is available for sither option at the time the new fish

ladder is constructed, | recommend that the weir structure be replaced. The amount
of work required to replace the weir is not significantly more than that required to
improve the existing weir and there are additionat safety and operational benefits.

Recommendations for Current Weir Structure

The welr site inspections revealed signs of significant structural deterioration.

In order to prevent further deterioration and possible structural failure, | recommend
that the following actions be taken as soon as possible:

Filt all known voids with concrete to prevent further soll erosion and apron
undermining.

Re-inspect weir apron by sealing flashboards with plastic so that seepage
through the flashboards is minimized. This will allow a more complete

investigation of the apron and possibly allow detection of seepage under the
apron.

Institute a weir inspection plan that includes thorough periodic inspections of
the apron. The apron has worn completely away in three areas and will fikely
wear away in other areas. When new holes are fou nd, they should be filled
with cancrete as soon as possible.
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These actions should be considered an intermediate fix until the weir structure
is either replaced or significantly improved. The weir foundation consists of a nearly
80-year-old concrete apron connected o steel sheet pile cutoff walls. This foundation

is significantly deteriorated and will continue to deteriorate until more permanent
improvements can be made,

¢c.  J. Schallberger, BOE, Rm. 313-B, Bonderson
C. Diaz, DOE, Rm. 313-A, Bonderson
K. Swanson, DOFM, Rm. 114
K. Dickerson, DOFM, Sutter Maintenance Yard

D-17
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ATTACHMENT 2

1986 Project Geology Exploration Report for the Proposed
Weir No. 2 Replacement Structure
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The Project Geclogy Branmch investigated ¢ ation ¢

the new Subter 3vpass Weir #2 in Sutier bour v on April 29, and May 7, 1386,

This explorztion was requested by Dale Martfeld of the DWR Cl¥*x Design Branch
and was discussed in Project C@o1ogv Branch exploration pro posal dabed prruary

28, 1985, Drilling and sampling, contracted o Hogate Exploraticn Drilling
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Feetration Test (5PT). A4ppendix & conteins the logs of the borings
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ATTACHMENT 3

Weir No. 2, 2003 Exploration Drill Hole Logs
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State of California SHEET 1 of 4
The Resources Agency HOLE NO. SW O
DEPARTMENT OF WATER RESOURCES
ELEV. 44 (topo.) FEET
DRILL HOLE LOG DEPTH 61.5 FEET
PROJECT Sutter Bypass Improvements DATE DRILLED 6/24/2003
FEATURE Weair No, 2 ATTITUDE Vertical
LOCATION N. 25,290,546 E. 8.204.442; East/Left Abutment LOGGED BY T. Todd
CONTR.  Spectrum Exploration DRILL RIG CME 85 DEPTHTO WATER  Not Determined
DH-  Standard Penetration Test S-  Shelby Tube
P- Fush AD- Auger Driling
B- Bag Sample FF- Pocket Penetrometer
N3-  No Sample SV-  Shear Vane RD- Mud Fotary Drilling
DEPTH
(ELEV.) | LOG FIELD GLASSIFICATION AND DESCRIPTION SAL“"OPLE MODE REMARKS
0.0 4 Road HOAD BED 1 AR | Drilling with augers.
] 0.0 10 0.5 Gravel Road Bed .
— s(CL) - Drill Rate: 5.0'in 3 min.
. BECENT ALLUWVIUM .
b 0.0 to 61.5' -
2.0 -
h 0.510 7.0 Sandy ciay, s(CLY: About 80% low to .
e medium plasticity clay; about 40% mostly fine sand; -
" damp; stiff; vellowish brown. 7
40 :
{<0.0" 3
e y 0-7.0'Sheloy T i
1 s(oL) 1 p 5.0-7.0 SWe : y Tube Drive
. Sily Cla g4 Recovered:2.0
6.0 __ y y' _‘—
- ~ 7.0-8.5
4 SM | 7.0t024.0' Silly Sand, {SM: About 70% fine to - O _85, SPT
~ . - " o . - Orive; G176 N=7
8.0-] medium send; about 20% nonplastic fines; trace clay; | B-1 1 DR R 45
"~ moist; loose to slightly compact: oiive brown, - ecovered: .
- 3 ap
N 7 Easy drilling
10.0— \ .
. 4 F 10.0-12.0' Shelby Tube Push
" - Recoversd: 2.0'
= 52
"'2'0? . 12.0 - 13.5' SPT
. <1 DR | Drive: 1/4/6 N=10
- B-2 — Recovered; 1.5
14.0 o — . L
(30.07 1 Loose to slightly compact. 7 AD | Drill Rate: 1 min.
T ] s ]
. a3 1 o 15.0-1 f.Q Shlelby Tube Push
] . Recovered; 2.0
15.0— .

DWR 285 (1} {Aev. 8-82)
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State of Califernia

The Resources Agency SHEET o of 4
DEFARTMENT OF WATER RESOURCES HOLE NO. SW2-1
DRILL HOLE I.OG
PROJECT & FEATURE Sutter Bypass Improvements, Weair No. 2
DEPTH
ELEVY | LOG FIELD CLASSIFICATION AND DESCRIPTION SA;“;"E MODE REMARKS
16.0 . BECENT ALLUVUM . 15.0-17.0' Sheiby tube push con
7 SW 0.5 i061.5 3-3 1 F Recovered; 2.0
. § 17.0-18.5'
] 7.01024.0° Silty Sand. (SM):  cont. . ‘DTNE_ :, 152-25TN- a5
- AboUt 70% fine to medium sand; about 30% B-3 4 DR CoEeEe T
18.0— e T o — Recovery: 1.5
- nonplestic fings; moist; slighty compact; clive -
] brown. ]
- —: Drilling with augers
. 80% sand; 20% nonplastic fings. ] Sand running
- 4 AD
20.0 n : 20.0 - 22.0' Shethy tube push
3 1 P | Becovery: 2.0'
- S4
. About 80% fine 0 rmedium sand; about 20% ]
22 0] nonplastic fines; rmeist; slightly compact; clive -
' : browa. ] 22.0-23.5' SPT
4 SM B-4 H DR | Driver 3%6/7 N=13
— - Hecovered: 1.%'
24.0 -]
J s 7
(2507 s(CL) 24.0to 28.0' Sandv Lean Clay. s{CLY: About 80% low . AD
= to medium plasticity clay; about 20% fine sand: trace .
m nonpiestic fines; damp; hard to very hard; mostiy A 25.0 -26.0' Shelby tube push
] yellow brown with some buff. 85 9 P Recovered: 1.0
23.0—: . 26.0-27.5' SPT
] B-5 H DR | Driver 21/21/25 N=46
— siCL) - Recovered: 1.5
28.05 -
E 28.0to 44.0° Lean Clay, (CL): Miostly low to medium E
= plasticity ciay; trace nonplastic fines; damp; hard 1o — AD | Steady drilling. -
4 CL | very hard; buff to light brown. ]
30.0 -1 - 30.0' lost sheloy, moved hole 4',
1] 86 4 P |30.0-30.5 Shelby tube push
T : Recovered: 0.5
= B-8 -] DR | 30.5-32.0 5FT
. 7 Drive: 10H27/30 N=5&7
32.05 : Recovered: 1.5
E 1
34.0 -
(10074 i
3 L N
. 57 4 F 52.0 - 36.0° Shelzy tube ush
3507 ] Recoverec: 1.0°
DV/F 885 (2} {Rav. 884}
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State of California

The Resources Agency SHEET 3 of 4
DEFARTMENT OF WATER RESCURCES HOLE NO. S\Wo.
PRILL HOLE LOG
PROJECT & FEATURE Sutter Bypass Improvements, Weir No. 2
DEPTH
([ELEV) | LOG FIELD CLASSIFICATION AND DESCRIPTION SA:ELE MODE REMARKS
6.0 RECENT ALLUVIUM ] 36,0375 SPT
1 CL 0.6t BLE B-7 . DR | Drive: 4/871 N=20
—] 28.010 44.0' Lean Clay {CL):  cont. - Recovery: 1.5'
a8 O—: _: Erriliing with augers.
’ . Mastly low to medium plasticity clay; trage ]
. nonplastic tines; damp; hard; buff to light . Steady drilling
—] — AD | Drilirate: 2 min.
40.0 , : : . . -
. 39.0te 41.0' Clayey sand layer; olive lean ciay, . 40.0 - 41.0' Shelby tbe push
B iow to medium plasticity clay; demp: hardtovery | 88 4 P Recovery; 1.0
o] hard; buff to light brown, ]
3 are i io gt an . 41.0- 42,5 SPT
N . SPT Drive: 81116 N=32
42.0 B-8 - DR Recovery: 1.5'
it :
. ] steady drilling
4403 o AD | Drill rater 2 min
I(O'}: S(ML) | 44.01049.0' Sandy Sit, s(ML): About 70% nonplastic ]
7 fines (silt); abowt 30% fine sand; trace clay; moist: 7
—: 10?? tr-? sl|gttr?lt|y compact: yelow brown with some 1 45.0 - £7.0' Shelby tube push
. recaish moting. ] Recovered: 2.0
46.0—: 89 -E
B ] 47.0- 48.5' SPT
. . Drive: 3/5/8 N=13
48.0- . B9 3 PP | Becovered: 2.0
. siML) .
] - Ab
5 CL [ 49.01054.0' Lear Clay, (CL]: Mostly low to medium .
50.0-1 plasticity clay; race siit; damp; hard 1o very hard; olive e
e brown. 4 P 50.0 - 52.0' Shelby tube push
~ . Recovered: 2.0'
- S-10 —
52.0 E . 52.0-63.5' SPT
] B-1¢ 4 DR | Drive: 515118 N=233
-1 L -] Recovered: 1.5
54.0 e . e -
=10 ] S| 84.01057.0" Silty Sand, {SM1: Anout 70% Gine o 4 AD
S medium sand: about 30% nonplastic fines. .
. $-1% 4 P | 550-57.0 Shaloy tube push
B 1 goovered: 2.0
6.0 _J Recovers

CWR B85 (2){Rev, 9-24)
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State of California

The Resources Agency SHEET 4 of 4
DEPARTMENT OF WATER RESQURCES HOLE NO. SWo-q
DRILL HOLE LOG
PROJECT & FEATURE Sutter Bypass Improvements, Weir No. 2
DEPTH
(ELEv.) | LOG FIELD CLASSIFICATION AND DESCRIPTION SA:";LE MODE REMARKS
56.0 ] RECENT ALLUVIUM b 55.0 - 57.0' shelby push cont.
4 SM 0.5t0 61.5' 311 4 P | Recovered: 2.0’
Ot 0" Silky . : .
1 cL Toe fﬂi}i{;' E»ltlasestinji f*“st!mcom C;Jj;live Brown - 57.0- 58.5' 50T
] | onty compet " a4 1 pg | SPTDrive: 1217 N=g
58.04 . — Recovered: 1.5
- 57.0to 61.5' Silty Lean Clay_{CL): About 60% low to ]
7 medium plasticity clay; about 40% ronplastic fines ]
~ (silt]; motst; stiff; yellow brown to olive brown. Grades — AD
. to silt. ]
60.0 . 60.0 - 61.5 SPT
1 CL B-12 4 DR | BPT Drive: 513711 N=24
] - Recovered: 1.5°
82.0 . Totai Depth - 61.5' Grouted hole with bentonite-
r'-1.8;: cement grout using a tremie

[IIIr[I1III!llIIJlIIi[i]I!IIII'ill|IIItlIllIF1IIIIIIIII!III[IIII[IIII

|lll|[|l||[]JilIF]iII]|||'|1III[!IIIIfllI[llllllll[lIIIFlllllIIFIIIIIIIIII

pipe.

DVW/7 B35 (2; (Fev. 9-54]
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State of California SHEET i of 4
The Resources Agency HOLE NO. Sy oD
DEPARTMENT OF WATER RESOURCES
ELEY, 43 {topo.} FEET
DRILL HOLE LOG DEPTH 61.5 FEET
PRQJECT Sutter Bypass Improvements DATE DRILLED 6/23/2003
FEATURE Weir No. 2 ATTITUDE Vertical
LOCATION N. 25280466 E. 5,204,265; West/Right Abutment LOGGED BY T. Todd
conTR.  3pectrum Exploration DRILLRIG CME 85 DEPTHTO waTER  Not Determined
DR- Standard Penetration Test 5-  SBhelby Tube
P- Fush AD- Auger Drilling
B- Bag Sample FP- Pocket Penetrometer
NS-  No Sample SV- Shear Vane RD- tud Rotary Drilling
DEPTH
(ELevy | LoG FIELD CLASSIFICATION AND DESCRIPTION SA;E"E MODE REMARKS
0.0 RECENT ALLUVIUM 4 AD | Drilling with hoillow sterm augers.
1 s(CL) . B
N Ciodls ]
] -] Crilting rate: 1.8 min.
. 0.0t 14.5' Sandy Lear Clay, s(CL): About 70% low ] .
50-] to medium plasticity clay; about 30% fine sand; very E Fasy drilling
: . soft to soft; damp; olive brown. b
(407 — 1
4.0 -
= 4 5.0' - 7.0° Shelby Tube push
— - P .
4 a1 1 Recovered, 2.0
6.0 -
E About 80% clay; abolut 40% fine sand: olive; E
—: s{CL) trace fine, rounded gravel. ; 7.0- 8.5 SPT
] . Driver 0/0/1 N=1
8.0 B-1 -] PR | Recovered: 1.5
- — AD )
] . Easy drilling
10'0_: 1 P | 10.0-12.0' Shelby Tube Push
] . Recovered: 2.0°
- 52 4
10 . 12.0- 13.6' SPT
. About 80% clay; about 40% fine sand; vellow 1 DR | Drive: 3/5/7 N=12
(307 brown; stiff 1o very stiff. B2 — Recovered: 1.5
4 s{CL) 4
4.0 —: —] AD
] 14.5t0 23.0' Cilavey Sand, 'SCI: About 80% fine 7
] sand: about 46% low 1o medium piasticiy clay; sightly — 5 Ca _
1 \ o T T - 15.0 - 17.00 Shelby Tube Push
= SC mrpect, olive gray; damy with clay layers. 3- 4 P
] S compect; olive gray; damp with clay layer 3 ] Recoverad: 2 ('
16.0 - —

CWR 885 (1} [Rev. 3-B4)
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State of California

The Resources Agency SHEET 2 of 4
DEPARTMENT OF WATER RESOURCES HOLE NO. SWo-2
DRILL HOLE 1.OG
PROJECT & FEATURE Suter Bypass Improverngnts, Weir No. 2
DEPTH
(ELEV) | LOG FIELD CLASSIFICATION AND DESCRIPTION S | mope REMARKS
18.0 . BECENT ALLUVUM 3 15.0 - 17.0' Shelby pusn cont.
4 SC Ot 1.5 33 g4 P Recovered: 2.0
—: 14510 23.0° Clayey Sand, (SCi: cont, ] 17.0-18.5 SPT
. Blightly compact; olive gray, damp; with clay B3 1 Dr Drive: 37712 N=19
18.0— iayers. ~ Recovered: 1.5
— — AD | Easy drilling
20'0_: 4 20.0 - 22.0' Shelby tube push
N 4 4 P Recovered: 2.0
] so 5
22‘0_: ] 22.0- 23.5 SPT
. B4 4 DR |Drive: 49115 N=24
20" — y D15
@ 1 oL | 48010320 Lean Clay, (CL): Mostly low to medium . Recovered: 1.5
. plasticity clay; some nonplastic fines; trace fine sand; B
24.0-1 damp; very s:iff to hard; yellowish brown. - AD
E ] 26.0 - 27.0' Shelby tube push
] " Recovered: 0, tube crushed
_: . 27.0-285' SPT
] — Drive: 10/21/22 N=43
28.0 55 3 PR | Recoverea: 151
E Low to medium plasticity clay; some nonplastic E
- fines; white and orange motting; damg; very -] Drii Rate: 4 minutes
] hard; yellowish brown. 4 AP
4 oL ]
30'0_; 3 30.0 - 32.0' Shelby tube push
- . Recovered: 2.0, tip of tube
-] 35 4 P crushed,
32.0 ._ \ » . _
1 SC | 32.0t037.0° Clavey Sand, (SC): Ahout 70% fine ] 32.0-335' GFT
. sand; about 30% low clay; damy; compact; yeilowish B-6 o DR | Drive: 4/9/15 N=22
1107 brown. — Recovered: 1.5
240 1 AD | Steady drivieg
1 sc sz 1 b ES'O -37.5 ?hflby tube push
] i Hecoverad: 2.5
38.0— —
DWR 885 £2) (Rev, 9-84)
State of California
The ﬁeso@b@@ﬂgency SHEET 3 of 4




DEPARTWENT OF WATER RESOURCES HOLE NO, SWwep

DRILL HOLE LOG
PROJECT & FEATURE Sutter Bypass Improvements, Weir No. 2

DERPTH
(ELEV} | LOG FIELD CLASSIFICATION AND DESCRIPTION SA;";"E MOBE REMARKS
36.0 . RECENT ALLUVIUM . 35.0 - 37.5' Shelby push cont.
§ sc 0to61.5 §6 4 P |PPx4si
. 32.010 37.0' Clayey Sard, _{SC):  cont. ~ Recovered: 2.5
: T e e shou 87 o o e
- ) ) ' o ! . ve: BI1SS —
38.0 (CLjs vellowish browin, 57 1 pR SPT Drive: 8 _5' 27 N=42
3 . Recovered; 1.5'
= 37.0t0 46.0' Lean Clay with Sand, (CL's: About BD% e
- low to medium piasticity clay; about 20% fine sand: . G .
: hard to very hard; damp; olive gray. 7 AP | Drillrate: 4 min.
40'0? 4 P | 40.0-42.0' Shelby tube push
. 57 . Recovered: 1.5
=] - 550 psi push. rig lifted up
42'0_: Bs 1 pm |420-435 SPT
. . | SPT Drive: 6/7110 N=17
(0 — Recovered: 1.5
#497 (cuys 4 AD | Drill rate: 3 min.
= N 45.0 - 27.0° Shalby tube push
- - P o
— g5 Recovered; 1.5
. - 550 psi push, hard.
45.0 ] 46.01052.0' Clayey Sand, (SC): About 80% mostly . =0 psipush. hard
7 SC | fine sand; about 20% clay; trace nonplastic fines: B .
- moist; dense to very dense; olive brown; thin B.¢ — 47;0 48'? S;T Ne s
] lamanations at 1/8" thick dipping at 15 degrees. 1 pr | Drive: 1228 O N=48
. . Recovered: 1.3
48.0— .
. 4 AD | Drill rate: 3 min.
50.0 -3 ~ _ _
] 1 P 50.0 - 52.5' Shelby tube push
4 &C 7 Recovered: 2.5
7 S 3
52'0 : 1 e . B _:
. 52.0t0 61.5' Lean Clay. (CL1: Mostly low to medum ]
g : lasticity clay; t fi ; ey ;g g
o] CL gr?;r:ttg gﬁ? race fineg sand; damp; very hard: lig 510 3 on 595500 SPT
" ‘ - SPT Driver 5/12/28 N= 40
. . Fecoversd: 1.5'
£4.0- ~
E E ADFDril rate. 2 mm,
1 oL s10 1 p 55.0-57.0 S"?Iby tuoe pLsn
. . Fecoverea: 2.0
56.0 - —
DWH 885 (2] (Rev. 9-84)
State of Catifornia
The Resources Agency SHEET 4 of 4
DEPARTMENT OF WATER RESOURCES HOLE NO. SWo.o

DRILL H8TE) oG



PROJECT & FEATURE Sutter Bypass ImprovementsWeir No. 2

DEFTH
(FLEV) | LOG FIELD CLASSIFICATION AND DESCRIPTION SA!:’:;LE MODE REMARKS
56.0
B RECENT ALLUVIUM . 55.0 - 57.0 Sheloy push cont,
-1 CL Otos1.5 $-10 { P | Recovered: 2.0'
— 52010615 r Clay, {(CL) i
] cear Ulay, (CLI oon ) g 57.0- 585 SPT
H Lean Clay o Silty Clay; olive brown: very stiff - o e
. 1o hard 11 1 DR Drive: B/9/¢ N=18
58.05 B - Recovered; 1.5
- Silty Clay, B0% clay, 40% silt, - aD
0.0 .
60.0 { cL — 60.0 - 61.5' SPT
. B-12 4 DR | Drive: 2i4/7 N=11
- =i Recovered: 1.5'
62.0—; Total Depth - 81.5' Backfilled hole with bentorite-
1912 cement grout using a tremie

|I]IIE!II[|lIIF[IIIFIIITIII]IIIII!IIIFIIIIIlIIIIIIIIIIIITIIIIIIF[III

III!IIIrIIIII!IiI1IIII]IIIIITIII'IIIIIIIIilIII[lIIIIIII!II[]IIJI!IJIIIII_II

pipe.

CWR 385 (2) [Rev, §-24]
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ATTACHMENT 4

Laboratory Soil Classification Data
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Gradational and Plasticity Test Results
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Sample SW2-1 Consolidated Undrained Triaxial Shear
Strength Testing (CUE) Results
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FAILLURE FORE
SAMPLE  CONFNING  CRITERIA DEVIATOR PRESSURE

FAILUAE
SAMFLE CONFINING  CRITERIA

DEVIATOR FREZSURE

PORE

MUMBER PHRESSURE USED STRESS AT FAILURE oy o AL
i Mz sirass. i) i
03-8430 | 1738 |mm@1M% 54,7 ] s 15.578
03-8430 : Effective Cond Pressure = 11.38 kse
MOHR MOHR VALUES FOR PLOTTING CIRCLE COORD
CIRCLE CIHCLE X ¥ CALCULATIONS
RADILS MIDPOINT HNORMAL SHEAR i 1]
2735 42,829 15.578 T S54.700 27.350
15.716 273 S1.A27 24.678
16.172 5.88 53515 21.6E8
16.854 8.25 5214y pEERIEA
17,767 o7z 50,324 16631
19,135 1348 47.580 13685
20.502 15,65 44854 1165846
21.E70 1745 42.118 8.380
23237 18.98 39,384 8.370
24 605 2030 36,640 F.046
254972 21.45 33914 5,801
27340 2247 3Are 4878
28707 23,34 28.444 3.86%
30,075 24.14 25 700 d.208
31442 24.82 22,974 2.528
280 25.41 20235 1.041
34418 25,59 17.021 1.3548
36.242 26.52 13.375 0.B3D
24065 268.81 4728 D435
40344 27.23 51470 L
42928 2735 0.000 Q.00
45514 27.23 5.170 oix2
47783 26.91 8728 D438
49616 2B6.52 13570 0.E30
51.440 2580 7.0 1.358
53,045 25.41 20239 1847
54.418 24.82 22974 2529
55.7E4 2414 25.708 3208
ar.1s 2336 28.444 3.530
58.519 2247 S1378 4.876
54,585 2146 a4 5.89
G1.2564 20,30 36640 7.046
B2 621 1586 30,384 8.3v0
63.889 1745 421189 9.898
65.358 15,65 44854 11.636
BE.T24 13,48 475388 13885
BE.CE1 1072 50.324 16.631
B5.003 B.28 52,147 16.0a2
GEGHG 5.66 33.515 21,588
o142 2.7d 54,427 24818
T027B 0.00 54.700 27350

D-38

NUMEBER PRESSURE USED ETRESS AT FAILLIRE  ay = oy,-Au
Max stress o
3-244E | 17.78 I abn & 5%, i S5.B | 0.24 1¥.35
{3-8448 ; Effactive Cond Pressurn: = 17.70 kse
MOHR MOHR VALUEE FOR PLOTTING CHRCLE COORD
CIRCLE CIRCLE X ¥ CALCULATIONS
RADIUE  MIDPOINT MIOAMAL SHEAR C m
278 4565 17.35 0.00 a5.600 27800
17,400 278 55.5M 25.113
17,955 5.78 54 581 22124
18.652 g3.42 53186 19.476
18.562 10Es 51336 18.965
20,877 1376 45 546 14.144
22372 1597 45 ThE 11831
23.Y67 17.80 42 566 10088
26162 18.35 4D 176 B.53H
26.557 2071 37.386 7188
27.852 21.84 54.58E5 E.0T0
28.347 2202 3.806 4.874
3042 23183 20,008 4058
237 24.83 26,228 3E74
33532 25,32 Z3.438 2580
34827 2542 20.645 1880
36.558 26.51 17364 1.385
38428 27.05 13.644 0847
40288 27.46 Ba24 0445
42813 2T.7B 5274 0125
43.250 27.80 0000 0,000
47.887 2778 L4 0.125
s0E2 2746 5824 0.445
52072 2705 13.644 0.847
53532 2651 17.554 1.385
55.573 2haz 20646 1.8680
56.896E 2532 23436 2.5680
58.963 2463 20226 3.274
59,758 2Z3E3 25016 4.068
1,153 2503 31E0G 4876
82,548 21.68 34 586 G.0710
83.943 20N 37236 7168
85.338 19,35 40176 E.538
BE.733 17.80 42 966 10.088
6B.128 15.57 45 56 11.831
6O.523 13.78 48 545 T4, 144
70.978 10,83 51.336 16.965
71.6438 B.42 53188 19,476
72.548 576 54.381 22124
7300 278 55.521 25113
73.150 0.00 55,800 27.800

FALLIRE FDRE
SAMPLE  CONFINNG  CRUERIA  DEVIATOR  FRESSURE
NUMBER PAESSURE USED STRESS  ATFAILURE oy = oAU
059440 E 28,45 |M” i" ';f: . B | a5 19859
003-044C ; Erlectee Conl Pressure « 28,46 ksc .
MOHR MOHA VALUES FOR PLOTTING CIACLE COORD
CIRCLE CIRCLE X ¥ CALCULATIONS
RAADRIE  MIDPOINT  MORMAL SHEAR C m
30 43850 19,850 0.00 B0.000 30,000
F 20,000 3.00 55,700 27004
20,509 8621 S8.700 23.7E5
21250 g.06 E7.200 20042
22350 11,76 55,900 16242
37580 1478 52,200 15.208
5050 1717 49200 12 E29
26,758 10.14 48.200 10,659
2R.250 20.82 43.200 9181
20,755 227 40.200 7.728
31258 2354 37.200 B.462
32754 24 55 34,200 5.351
34,265 PEED 31.200 4.375
35.758 26.48 28,200 3520
37.259 2l 25.200 2774
36759 27ET 22 200 2129
40,524 PR 18671 1.4E9
42 524 20,09 14671 oo
44 524 24552 1067 0478
47.024 5,87 5671 0134
48,850 .00 0,000 0000
52 604 2987 5671 0134
55,194 2052 10671 0.478
57.194 20.00 14.671 0511
59,194 2851 18.671 1.489
€0.850 27.87 2800 2120
€2 450 2723 25,200 2774
63,950 2645 20,200 3520
85,458 2562 E1.200 4375
85.950 2465 54,200 5351
83.450 2354 57.200 6462
60,850 ey 40200 ]
71458 2082 43.200 o181
72855 1014 46,200 10,8589
74,450 17.197 48,200 12829
75,950 14.70 52.200 15,208
77450 11.76 55.200 18.242
7B.458 9.06 57.200 20542
70.209 6.1 58,700 23780
TO.709 a.00 50,700 £7.004
8,858 .00 a0.000 30,000

Daita for Shear Envelope Plot:

o {deg) = ol phi' = 28 degrees
&' {rad) - L4887
C pet) = 1000 ¢ = 8.8 psi = 1000 psi
Cipsl)=  6.9444
oipsl] 1 [psd)
L] G.9444
10 122615
20 1757068
an 22,8857
B0 34.8470



FAILLIAE O & Gae FAILURE FAILURE Oy = T FAILURE FAILURE Gay = O FAILUAE Data for Shear Envelope Flot

SAMPLE CRITERIA CONFINING  DEVIATOR CRITERIA HAMPLE CRITEALY  CONFINING  DEVIATOR CHITERIA SAMPLE CHRITERLA COMFINING  DEVIATOR CRITERIA
MUMBER USED PRESSURE STRESS TO FOLLOW NUMBEHR USED FRESGURE STRESS  TOFOLLOW NUMBER USED FPREESELRE STHESS TO FOLLOW
Max Day. & 0% A A Max Dev. & 10% DR MAX pdax Dev. & 1 0% OR BAX.
e [ £.49% ] e ! i | DEV. } | e | a78% i VIS | &, | DEV. i 10% o | sl | DEV. - ideg) - 15 phi = 15 dagrees
¢ (rad) = 02618
| Cjpef) = A000 ¢ =278 psi = 4000 ps)
MOHRA MOHR VALUES FOR PLOTTING CIRLCE COORD MOHR MOHR VALUES FOR PLOTTING CIRLCE COORD WOHR MOHR VALLUES FOR PLOTTING CIRLCE CooRD i G (kso) = 277774
CIRCLE CIRCLE TR Y CALCULATIONS CIRCLE CIRCLE X ¥ CALCULATIONS CIRCLE CIRCLE X X CALCULATIONS
__RADIUS  MIDPOINT  NORMAL SHEAR c L IRIE HADIUS  MIDPOINT  NORMAL SHEAR £ m RADIUS  MIDPOINT  NORMAL SHEAR e m
43.4 54,770 11372 00 BE AN 449400 4B8.5 66.29 17.78 0.00 97000 4B8.500 4955 © 78008 2B.459 [a¥0 ] 28,100 49,55 o 277778

11.506 4.33 HiE 366 30,065 16,033 4,84 9g.515 43.656 ZR.T07 4.95 58,605 44,601 0 304573
12a1g 8.89 B4918 34415 18.841 10.04 B84.ED8 38 455 20537 1026 95,953 38261 20 33,1368
13404 1310 B2 749 30.287 20.053 14.64 82473 33.857 30,7 14.96 84.475 34,590 ; 30 a5.8163
14.851 17.01 785G 26.3M 21.670 18.01 B9 240 20,402 S2.423 19.42 §1.172 30,130 100 B4 5727
17.021 21.40 75516 22002 24,085 23.81 B4.380 24 5RT 34501 24,43 BE.217 25118 b,
18.191 2484 71176 18.558 26,520 2776 78540 20.740 - 37378 28.35 81262 21,189
21.361 2768 GEBAG 15,704 2B.245 30.95 74680 17.505 30.856 3182 T6.307 17.8935
23.53 30.12 62.486 13282 31.570 33.66 65.640 14,547 42,533 34,39 71,352 18164
257 azez 58.156 11.182 33.795 36.00 B4.900 12,485 44811 36.78 66.397 12,766
2787 34.05 EAf16 9348 36.220 A8.05 A0140 10.447 A7 268 38,88 G1.442 10.673
30.041 3568 48.476 7.741 38,645 39.85 55280 BESD 49.766 40.71 56487 8838
32211 ar.o7 45,136 G2 41.070 4143 50440 7.0ra 52,243 4252 51.532 T.226
34,381 38.51 40.796 5052 43,495 42 .81 45580 5691 54.721 43,74 4B57T7 5814
88.551 39.30 B6.456 4013 45,920 44.01 40.740 4.485 57198 44.57 41.822 4 552
3BT AQER az.116 A.080 48.345 AR08 a5.EBO 3442 5O.676 45,03 36667 3516
41,274 41.25 27.010 21565 51.198 46.09 30.184 2.408 B2.5%0 47.09 30.838 2,450
a4 167 42,08 21.223 1Ly 54.431 47.03 23717 1.472 65,894 A5.05 24231 1.604
47.061 4271 15,497 0692 57.685 4773 17.251 0773 B9.157 4876 17 524 0780
ED.ETY 43.21 8203 0184 81,706 4828 9167 0217 73.086 48.33 9.366 0222
S4.778 4340 G000 0000 6&.220 48 50 U0 0.000 TE.002 4955 0000 0.000
SB.8e1 4321 B.203 0154 T0.874 48.28 9167 0217 g2 692 48,33 9.966 G2z
62.487 4271 15.437 0.682 74,915 4773 17.251 0773 85821 4876 17624 0750 E
65381 42 08 21283 187 78.140 47.03 23.717 1472 50,124 48.05 24281 1.504
GB.284 41.25 27.010 2155 A1.382 46.08 3184 2,408 95.428 47.09 30838 2460
T0.837 A0.32 32118 3.080 84,235 45.06 a5.800 3442 96.043 46.03 36.667 3516
T3.007 39,39 36.456 4.013 BE.660 4401 40.740 4,485 58820 44.97 41,882 £ 5BZ
7577 38.31 ADLTOR 5052 BE.085 42 81 45550 5691 101.288 4374 45577 5614
TT.o4T aroy 45136 £.320 91.510 41.43 50.440 7073 108.775 42.32 51.532 To28
8517 35.66 49.476 7T 83.936 3985 56280 B.650 106.253 4071 55487 B.B38
B1.687 34.05 51.B16 8.348 96.350 3806 60140 10.447 10B.730 o8.88 61.442 10.673
83867 azaz 5B.156 11.182 98.785 36.00 64,920 12.495 111208 36.78 66307 12.766
BE.027 aniz 62496 15.282 101210 33.66 &0.840 14.842 113.685 34.39 71.352 16,164
BB.187 27.69 66836 15,7049 103.635 a0.95 74,650 17.555 116.163 .62 T6.307 17.8935
80367 24.84 71176 18,558 106060 27.76 78.540 20.740 118.640 28.36 #1262 21,188
92537 21.40 75516 22002 108 485 23.91 B4.300 24 587 121,118 24.43 BE.217 25118
o4.707 17.01 TH.BER 26,201 110810 8.1 ED.240 29442 123.595 19.42 81.172 30130
96.154 1310 B2.748 30.207 112527 14.64 92473 33857 125.247 1496 24 475 34,500
o723s 8489 84,9178 34.415 113.732 10,04 94 88E 38.450 126,485 1026 BE.953 30201
a7 a5z 4.33 BB 366 39,065 114 548 4.B4 96,518 43,656 127.311 4,85 908 605 A4.601
88175 0.00 B6.800 43.400 114,780 .00 g7.000 48.600 127.550 0.00 23.100 49,550
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Stress Ralio (o 'oy')
Deviatar Stress (ksc)

Fore Pressure [ksc)

0

SAMPLE DA-11, 51, 5-7.5' BGS
TRIAXIAL COMPRESSION
ASTM 4767 Consclidated, Undrained Compressive Strength
Request Mo 2003-23  Test Date; 058003

Stress Ratio versus Axial Sirain

—=— 3-2943C ' Effectve Ccnf.]‘;'re-ssure = 1138 ks |
—a— 13-0944R - Effective Conf.Pressure = 17.79 ksc
—— (3-944C ; Effective Conf.Pressure = 28.46 ksc |

Deviator Strass versus Axial Strain

Fore Frassure versus Axial Sfrain
4 6 8 10 12 14 16 18 20
Aodal Strain (%5)

D-465



SW2-1 CUE Undrained Test Results Modified with Pore
Pressure Measurements
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CONSGLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4787

:‘ Mox. Sneas | Ko Chligaizy 5:
4 e =40 -
: o= 17 i
: ign ¢ = T
20 :_ L.
v
z Lo
z [
- : 5 1
L :
33 L -
o \ -
] L
8- e A L .
4 40 60 8c 100 120
pl. @si
Symbel o] _ fa ! o
o Sample Neo. | £3-323 . 03-S44 ¢ 03-344
A T : Test Mo, S c B . ¢
- - iDeath P15-57 | 20-22  20-22
: : : SR Cioreter, i 2882 | 2.883 | 2.888
i Height, in B.4CE | £.403 | £.492
o | Woter Contert, & 238 1.1 2.7
_ T UE{3ry Dersity, =cf ;9525 | 9308 | ©7.35
‘L% r Soiuraticn, % BZ.8 38.2 78.2
E e | veig ®eto 077 0.34Z | 2.778
= f 5 _ Dwater Contant, % 24,8 120 . 229
W : - B :
= 3 Lo | £ O pensiy, sef . 015 | czee 1058
< , w | Soturatons, % ©AG00 | 000 1000
C P €| veig zete | 0.561 | 0333 1 0.634
. o Zock Press., st L0 £0.39% 4199
i WVer. T Cons, Siress, ps! 11.38 17.7% Z2R.47
[Shear Strercih, pei 52.4 © 5439 | 56.7
T Sirain o roilure, % 10.6 14 6 144
: i : - [ Stein Reie, %/in C.05 .05 Cos
Y S S - SVale T Gos | 0.98
C 10 20 &3 40 [ Istimcied Sceci®ec Grovity | 2.7 2.75 277
VERTICAL STRAIN, % TSR —— S
F ostic Limit —— ] = -
Preject: Sutiz~ Bypass Wsi- 72 : - :
Locciion: Bryts P '
: Frojzct Noo 03-28 , i , ! ,
Boring Noo TWZ-1, 5-Z i : : .
Sompie Tvpe: Shelby : !
| Szacriztion: ;I:t):”SG:"C: B o
Regmarks T

Prase coiculsiions bosad on siart of izsi
Wom, ZZ2-DIC-2003 DB22:3538
= Seiurction is sel te 100% for phose c&'ﬂ‘ﬁi:ns.
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767

i

EXCESS PROSSURE, pai

._ilfll|.|_.._L“_Iilfl__,_i__lII]\]{IIIIIII]

—20

N

I¥

N,

*,

i

r 1"1"“'1_l_|__l_l"'l"T'T']'i i1 ’ L IR O N T Tl B By

O —

Lo
o

o

L1

12
VERTICAL STRAI, &%

[
ae

]

JIIII["II!"

20

[
n

STRESS RATIO

L]

RS DU IPP NS U Y NG WO N VI ST AT 20 S Y Y W0 T DO

o

8]

T T T T 1 T T T

IIIJiIl'IIlJllIII[[I

i~
L

Wox. Shear

Kax. Obliguity

- |e = 40.5 osi ¢ = 1389 pg ; -
- : -
Z ¢ =115 ¢ = 20.8 ; : i L
1 anp =0 i : T
Xy g SO i o - L
o - : : AN S b
= ] : N “F
] . o -
20 | g i L
1 \: |\‘\ L
4 S

C 1 i T T T T | T Ll
G 20 &0 B0 ac 100 120

&', psl
Someple No.| Tes? Moo Desth Tested By | Test Dote Checked By | Checx Dete " Test Fie

E]

D3-543

S

03-542C . cat

03-244

SF

03-344B8.ca%

19|

5

P05-5440 dex

_ccat'en: Brytz

Somole Type: Ske by

sescription: Siliy sanc

P Rermaoks:
! .
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SW2-1 CUE Drained Test Results Modified with Pore
Pressure Measurements
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767

&0 e O T S SO PSS PR SO U W0 G O S A S M GRS S :
] Wax, Shaa; I | g, Cbicu:t}-‘. I I—
A o = 21.6 psi e = 6.11 ps -
{ip =217 Je=35 | -
La: }
& -
:
- i g
o +—r—rbrr At SIBESEREUEEIE S -
o 20 40 50 8C 100 120
P, pe!
Sy’ T Ji i O
Sample Ns. 03-9£2 | 03-044 | 03-942
143 e : -
Test No c 2] C
. " Decth 15-17 | 20-22 | 20-22
Cicmeter, o 2.882 ZBR3 Z.B88
Height, in 5.408 | £.203 | 6.402
Z |Watar Content, % 238 i1 22.2
N = [Dry Density, oaf 9525 | 838 | ©7.25
E: Saturction, & BZ.B 6.2 8.2
@ void Rotic 0.77 | 082z | 0.778
;:': = Woier Content, & 24.5 12,5 222
x 2oy Density, pof 0B T2B.G 1058
% o | Sarurators, % *C0.0 | jco.e | 1CC.D
Q H;'Ej vo'd Ratio 0.56% 0.383 0.634
“|Beak Press., o8 45 2089 | 4°.33
Ver. Eff. Cors. Stress. psi 11.38 77 28.47
Srea- Sirengit, pel 5z.4 5430 | 537
. Si-ain of Feilue, % 10.5 148 14.4
y - | Strain Rate, 2/ ~in C.05 005 0.05
g R E— l L 3-Value .95 093 5.65
c 10 20 3C 490 Estimated Specific Gravity z2.7 2.75 277
VER™ 0AL STRAN, % Cc Lt T — .
Flest'e Limit - -——- -——-
|Freject: Sutier Byoass Weir #2 , | : : .
| Locctie™: 3ryte
Projecs ho.: 02-268 . ’
Boring Mo SW2-1%, §-3 : a i ;
Scmip e Typs She'by e | S

Sescription: Sity sond

Rzmorks:

Phaze ccleulotions tossc

>
* Sgiv-ction is sel to Q0% Jor pooss ofls
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ow
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= | =216 28 |2 = 851 osl C

o A g=2315 g -

q ttar ¢ = C.4C . 5
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JTested By

T
Theckad By ! Creck Daiez | Tast File

O . 03-943 c 15-07 ol /2003187 03-343C.det
A 103-944 s 20-22 ON 12/3/200

=F 03-944E dat

b

03-24¢

]

20-22 DH

3
12/1/2003] sF $3-044C . det

rojsct:
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Sample SW2-2 Consolidated Undrained Triaxial Shear
Strength Testing (CUE) Results

D-53



A (EERIRUS) 0| B ERpue wew Bugenaes v pesn ejep - Al pajyieut e HELRE

STARS (DAEID] AATFRE ) SR BA0W DoiRnofea v pesn _iEp - usadl jafy paufmte e MR

miep ok sk B Mol jy3y BUR Ay pad g1 pa Sl SR ey

e = ———— — pre——— e e -
ESED ok F LEOE [T (i) Zouk | EOR 5l E(E [T [T g SLEL SE £~ TN
[ FF 0L i COEl 08 i zoT GB 1 i T (TR BD T LBl ine L
[EH 1ZF 908 o ¢ G0 El LIRS [ 2Ll BE | OBl T Bt LEEL HE L]
] 2 iz ol e il SRk WEE aoel PLE | OTil 856 G0 o2l 11 . o
L ER a2k £a) irg oG 5ELk R 2l OFE | OTEE 55 55 BE oawl s | ¥Rl
Groe LE ¥ 1L 8l 1R o5l B &k BEE (R BE | OO B 55 1 fneE i | DrEl
0GR SEF ok Al ) carl 1 EF FEE LE51 IE | OFE g3 18 L) Pl i . rFE
B P2 ;r TS ite oaTl oFGr | IEFE L1 L i DLl 18 ca ELt TLEl Gl i . O¥EL
1 ®wr 08k 1G5 o0zl azer | BLE 56 L1 tka El 050 [ SALl Bk - OYEL
T GET 198 s Gl giz0 | ORE | 58 51 | B aril oF 36 GEF 83l 7 5- | il
N LT 2LEL G4 (1] [ I -1 oF el | Dy | oral S0EE (4] L IE T oane
524 LT 2081 FLL oan g0lp | A G0l I I £0 LG 5% L8 Fl a1 £- ]
£Ls ({3 R . @8 | ms 0 61 (1] il | o (] BE Lk L5t $21I ETHS | Ooe
e il HiLl ez O - ¥4 oE 25 [ (U - L 5LIF ot (LN ELds ; Mol
S0°18 FHF R Il | Mg -t I - G551 k2R o' - 58 ¥ 2501 il . Dpog
oF 5 a5 LG FL 1L 001G ¥z | 0l (LR B o 0TE 6o ¥ 0% 56 & , g
rh g a5 STl L (TN Mir | Iy sk 2l I - g qo WE =E [
90 109 [l . LEEl (1} ¥ LR LET B0 okl m (A (B (L AT 0
28l 004G T T8 o L Le aEr Gl | LTS o WE ak ¥ L L] Lg DIE
e k¥ 1Ll R R v - EEZE | L% e . oA o or 5l Ei# A Fio . mE
5 Bl HIZ L war | ol SEL1 IEE B . BTA okl MLk (il S cld | DOl
i HiL [T 20k a0 [T ] | LG50 w0 o0 20 og A [ v
tsa EL I RE e 020 gac 0ol SHLI . ELn L] ok Mml FhEL LEG 020
] EL S T T [N 200 [y L . k0 al'a O £01 e LLG |k
[ I B [FiR=] 2 11 S Ll Ll orn @ (MM 1k C L oo o
) (e fmdh il (idd} ] (15} {1zdi [} (riad} (s} =) (EA
150 - ok Jav o in n = {iz - kol LT | ) L 1 {io - ke Sl In ny b
ey i =TT FTC TR umE (31115 Y giRng RIS s BEMAE il wEAng RInSEERId LU
MEAR SRR Bapinjus) Qs R0y Kl L3 LTS Borapian aug [Efny o seane | Bunkped e ey
| T P LE LI E] LT Ll [ELTE i

T THen] BITfE| D Samdys ABD L | Ttad) AUNa| G 4BGL5 Aag] % 05 TR Gin B ) 55445 AR

LI L2 LI

Trl Ba e i AHTRER A B0 EREIT ; TRme B SARERL B Rheas il 5T B0 ] B iR B §eamng

frsd} gm0 sshagg A AT o mongy B seags A T i19d} mergmq 5 wEd g hi)

LTRELE T asazana| ETNELTE

oy FTTIRICE] HOALIZT3E W RLEID Bl i [TRICE]

5 ¥ I = 15 LRI TR 57 [ GE = D) IR S, ; 0L = 150 JURLED RS

- g v B - EBUL

=l =id = |d

o°EE = b Arsoag A0 LER = [2d) Aysuag Aig a'g = ld) Sgsueg g

FOE = [hdl anssalg B _..._._u_”..,.,|m_ 0L = (S TS A DD n..._:e__m_ Fik = (il g g Bupajuo D sAa03

EENEL =R sal BITO0Z - o jsankap

ELHINTENEHYIN FaNS53HS FE0d HLWA O3RN J30¥0N3EN00

ELIEIH LSFL HOISSIHSH00 TYIEIHL (LB WLEY
B0 {161 BB TEME 31-4mYS

L e s
& ....-..l.. T =]

D-54



FAILURE PORE
SAMPLE CONFINING CRITERIA DEVIATOR FRESSURE
NUMBER  PREGSURE USED STRESS AT FAILURE &y = ay-4u
g Max stress e
D3-S64 4 11.38 1 Fatin m 5% l i ] 25 i B.833
D03-8544 ; Effective Conf. Pressure = 11,38 ksc

MOHR MOHR VALUES FOR PLOTTING CIRCLE COCORD

CIRCLE CIRCLE X i CALCULATIONS

RADIUS MIDPOINT NORMAL SHEAR c m
16,25 25133 8.8BE3 0.00 32,500 16.250
8964 1.62 32.338 14,627
9,235 3.36 31,796 12,886
G641 401 30.883 11,344
10183 637 29.900 B.BE1
10585 B.01 28,275 B.238
11.808 6.30 26.650 6.849
12.621 10,37 25.025 5 BBE2
13.433 11.28 23.400 4.873
14.246 12,06 2,775 4 1687
15.058 1275 20.150 3.500
15.871 13.35 1B.525 2.Boa
16.6E3 13.88 16,8900 2570
17496 14,34 15.275 1.8907
18 308 14.75 13.650 1.503
19121 15,10 12.025 1.153
20.076 15.44 10,113 o.807
21180 15.76 T.847 0,483
22.243 15.99 5780 0.258
23.587 16.18 3.07z 0,073
25.133 16.25 0.000 0.000
26.669 16.18 3.072 0,073
2B.023 15.99 5780 0.2549
29.108 15.76 T.047 0,483
30,190 15.44 10,113 0.807
31,146 15.10 12,025 1.153
31,858 14.75 13.850 1.503
32771 14,34 15,275 1.907
33.583 13.88 18900 2,370
24355 13.35 16.525 2.888
35.208 12.75 20.150 3,500
36.021 12.06 21778 41687
36.833 11.28 23.400 4,973
37 646 10,37 25.025 5.8B2
38.458 8.30 26,650 6,540
38.271 B.01 2B.275 B.238
40.083 6.37 25,800 B8,8E1
40625 4,51 30,983 11.344
41.031 3.36 31.796 12.886
41.302 162 32,338 14.627
41.383 0.00 32500 16.250

D-55

FAILLURE FORE
SAMPLE CONFINING CRITERIA DEVIATOR  PRESSURE
MUMBER PRESSURE LISED ETRESS AT FAILURE oy = Ga-Al
| 05-2548 ] 7.7 | J e i 10,671
03-954B ; Effective Conf Pressure = 1.7

MCIHR MCHHR VALUES FOR PLOTTING CIRCLE COORD

CIRCLE CIRCLE X b4 CALCULATIONS

RADNLES ~ MIDPOINT  NORMAL SHEAR c m
206 33.3M 10.671 0.00 41 200 20,600
10.774 2.08 40984 18.543
11,417 428 40307 16335
11.632 6.2z 39277 14.3E0
12,318 B.O7 37504 12,526
13.348 10.16 35.844 10.443
14,370 11.79 33704 B.B09
15.408 13,14 31.724 T.456
16438 14.230 29.664 G204
174549 15.28 27604 5.207
18490 18.16 25.544 4437
19.528 16.83 23.4384 3.674
20,559 17.60 21424 3.004
21.589 18.18 18.364 2417
22,618 18.68 17.304 1.505
23,648 19.14 15.244 1.462
24.881 19.58 12.820 1.023
26234 19.97 10.074 D.625
27.60T 20.27 7.327 0,328
29.324 20.51 3894 0.082
31.271 20,60 0.000 0,000
33218 20.51 3.884 0.082
34.935 20,27 T.327 0.3za
36.308 19.97 10.074 0.625
37.681 19.58 12.820 1.023
38893 189,14 15.244 1.462
35,923 18.69 17.304 1.905
40553 18.18 18.364 2417
41.983 17.80 21.424 3.004
43.013 16.93 23.484 3,674
44.043 16.16 25.544 4437
45.073 15.28 27.604 5307
46.103 14.30 20.664 5.204
47.133 13,14 31.724 T456
48.163 11.78 33.784 B.&8DD
49,183 10,8 35,844 10.443
50.223 B.O7 37.804 12.526
S0.910 6.22 38277 14 380
51.425 4.26 40.307 16.335
51.766 2.06 40,994 18,543
51.871 0.00 41200 20.600

FAILURE EORE
SAMPLE CONFINING CRITERIA DEVIATOR  PRESSURE
HNUMBER PRESSURE UEED ETRESS ATFAILURE &y = Ga-du
03-854C J 26,48 m;f;g;’f;f% l 521 i 15 7‘ 1
D3-254C ; Effective Conf. Pressure = 2B.46 keo
MOHR MOHR VALUES FOR PLOTTING CIRCLE COORD
CIRCLE CIRCLE x b ¢ CALCULATIONS
RADIUS  MIDPQINT  NORMAL SHEAR c - m
26.05 38.807 12757 0.0a 52 100 26.050
' 12.887 260 51,840 23,448
13.321 539 50.971 20,657
13.973 7.87 49 66Y 1E,1B5
14.841 021 47932 15841
16.144 12,64 45.337 13,206
17 448 4.9 42 722 11.140
18.748 16,62 40117 9,425
20.051 18.0B < e T.arz
21.354 18,34 34,907 6711
22 B5E 2044 32302 5611
23,955 21.40 29 BO7 4,648 -
25.261 22.25 27.052 3708
26564 200 24 487 3,057
27 868 384 21,882 2.408
25168 24.20 19.277 1.B4%
30.704 2478 16.212 1.293
32438 2526 12.739 0.781
34,174 2583 0265 0415
36.345 2553 a.924 0.117
38.807 28,05 0.000 0.000
41265 2583 4,924 0,117
43 440 25,83 o.285 0.415
45178 2526 12.739 0,764
46.913 2476 16.212 1.293
48 446 24.20 19977 1,848
49,748 2364 21.682 2.405
51.051 2290 24 487 3,057
52353 2225 27.092 3.79g
53656 21,40 29607 -+ 4,846
54 958 2044 32.302 5611
56.261 19.34 34907 85711
57.563 18.08 3T.512 T.872
53.8658 168,82 40117 9425
BO.16B 14.81 42.722 11.140
B1.471- 12.84 45327 13206
B2TTE 10.21 47.832 15,841
B3.641 7.87 49, 669 18. 185
64,253 5.3% 50.871 20,657
64,727 2,60 51.840 23,448
B4 BET 0.00 52100 26,050

Data for Shear Envelope Plot;

& (deg) = a0 phi = 40 degroes
4§ irad) = 06981
C° (paf) = ] ¢’ = 0.0 psi = 0 psf

C{psii=  0.0000

o [k5C) 1 {ksc)

L] 0.0000
10 8.3810
20 16,7820
ao 251730
40 33,5840



FAILURE Gt = O3p FAILURE
SAMPLE  CRITERIA CONFINING DEVIATOR  CRITERIA
NUMBER USED _ PRESSURE  STRESS _ TO FOLLOW
[ Wax Dev. @ - 104 OR
03-8544, e 11:28 L Aot
MOHR MOHR VALUES FOR PLOTTING CIRLCE COORD
CIRCLE CIRCLE X ¥ CALGULATIONS
RADIUS  MIDPOINT  NORMAL SHEAR c m
26.95 38333 11.383 0.00 53 500 25.950
11.518 269 53,631 24.258
11.967 5.58 52732 21.370
12,641 B.14 51.385 16,813
13.539 10,56 49,588 16,388
14,887 13.29 45.593 13,662
16,234 15.43 44 198 11,525
17.582 17.20 41,503 8755
18,928 18.70 38.308 B.247
20277 20.01 36113 B.943
21,624 21,15 33.418 5.805
22972 2214 30.723 4 807
24,318 23.02 78.028 3.830
25667 2379 25 3353 3182
27.014 24.48 22538 2 492
28.362 25.04 15.943 1.913
29.947 25 61 18.772 1.338
31.743 26.13 13479 0818
33.540 26.52 & 586 0.430
35.786 26.82 5,094 0121
38333 26.95 0.000 0.000
40,880 26,83 5.0594 0121
43,126 o5 52 9,586 0430
44,922 2613 13.179 0.818
485719 2561 16772 1.338
48.305 26.04 15,543 1.913
48,652 24 45 22638 2492
§1.000 23.79 25333 3.162
52,347 23.02 28.028 3.930
53,605 2214 30.723 4 807
55,042 21.15 33418 5.805
55,390 20.04 36113 6.943
§7.737 18.70 38.808 B.247
59.085 17.20 41.503 §.755
B0.432 16.43 44.198 11.625
61.780 13.29 45,893 13.862
63.157 10,55 49583 16 358
B4.025 B.14 51.385 18.843
84,699 5.50 52732 21.370
B65.148 269 53,631 24 358
65.283 .00 53.900 26.950

D-56

FAILURE Oy =ty FAILLURE FAILURE O = Oa FAILURE
SAMPLE CRITERIA  CONFINING  DEVIATOR CRITERIA SAMFLE CRITERIA CONFINING  DEVIATOR CRITERLA
HNUMEER USED PRESSURE  STRESS  TO FOLLOW MUMEBER USED PRESSURE STRESS TO FOLLOW
5 Max Dev. @ ; i 10% OR MAX T e | Max Devai@ | 5 s - 10% OR MAX,
03-9548 e AT 51 | DEV. | 63-5 54(.»_ = 2846 G4 DEV. c
MOHR MOHR WVALUES FOR PLOTTING CIRLCE COORD MOHR MOHR VALLES FOR PLOTTING CIRLCE COORD
CIRCLE CIRCLE X L CALCULATIONS CIRCLE CIRCLE X Y CALCULATIONS
RADIUS MIDPOINT NORMAL SHEAR C m RADIUS MIDPOINT NORMAL SHEAR C m
30,5 45271 17771 o.0o 81.000 30.500 3z B0.457 28457 0.00 54,000 32.000
17,924 305 &0.EBS 27454 : 2B.G17 320 63 650 28804
18.432 B.31 59678 24 185 28150 6.53 62613 25,375
18.1494 o 58153 21.291 28950 .66 61.013 23339
20211 11.95 56120 18.545 3.my 12.54 5HB.880 10.450
21.736 15.04 53.070 15.462 32.617 15.78 BE.680 16.222
23,261 17.46 60.020 13.043 34297 18.32 G2.ab0 13.684
24,786 1946 46.5970 11.040 a6.eT 20,47 48 280 11.583
26311 2147 43 520 9.334 IraiT 22 46.080 8723
27.B36 2264 40870 7.858 RO 2176 42.8580 8244
28361 23.93 37820 6.570 40817 25.11 30.680 6.893
30 686 25.06 34770 5440 42217 26.29 36480 5707
32411 26.05 31.720 4 4248 43847 2733 33 780 £ BE7
33,838 26.92 28,670 3.579 45417 2825 30.080 3755
35,461 27.68 25620 2821 47017 20.04 26.880 2650
36,0868 20.34 22570 2185 48.817 29.73 23680 2271
38.78O 28.949 18.882 1.514 50459 30.41 18.915 1.580
40,613 29.57 14.916 0.926 52.633 31.03 15.649 e
42 847 a0.01 10.848 0488 54 TES 31.45 11.382 0.510
45.388 30,36 5765 0137 57433 31.B6 B.0415 0143
48271 30.50 0.000 0.000 G457 32.00 0.000 0.000
51.154 30.36 5.765 0.1ar 53481 31.86 5.044 0.143
53.695 30.01 10.848 0485 66,148 31.45 i1.382 0.510
65,729 2957 14915 0.526 BB 281 31.03 15.648 0871
57.762 28.99 18.962 1.514 70415 3041 18.815 1.588
58,558 28,34 22570 2165 T2.297 2073 23680 2N
61.081 2768 25620 2.821 73.897 29.04 26.880 20850
B2.606 26.92 28 ETD 3.578 TH.457 2825 30.080 3.755
B4.131 26.05 A1.720 4448 Tr.osv 2733 33280 4 66T
B5.656 25.06 34770 5.440 TE.BET 2629 36480 5.707
B7.181 23.93 37.820 B.570 80,297 23.11 39.880 B.893
BB.T0G 22.64 40870 7.858 &1.887 23.76 42.880 B.244
70,231 217 43.920 9334 3487 222 46.080 8793
71,758 19.46 46.970 11.040 B5.09T 2042 49280 11,583
73281 17.46 50.020 13.043 BE_BST 18.32 52480 13.684
T4.806 15.04 53.070 15.462 BR.257 15.78 R5.GE0 16.222
76331 11.85 56.120 10.545 BO.8a7 12.54 58.880 10.458
T7.348 aH 58.153 21.2¢1 a0 ged B.68 g1.0%3 22.339
78110 8,31 bo.GTE 24185 81.764 6.63 52613 25375
7H.618 3.05 BO.685 27454 92287 3.20 §3.680 28.804
TRTT1 0.00 61.000 3A0.504 Q2457 0.0o 64.000 32.000

Data for Shear Envelope Plot:
& (deg) = 13 phi =13 degrees
§ (rad) = 0.2269
C {psf) = 2500 ¢=17.4 psi = 2500 ps
C {psi) = 17.3611
o {psi) 7 {psi)

] 173611

1Q 12,6628

20 21,8785

30 24.2872

] 26,5858

50 28.2045

B0 31.2132

100 40,4478
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Stress Ratio (oo,

Deviator Stress (ksc)

Pora Pressure [(ksc)

SAMPLE DA-11, 51, 5-7.5' BGS
TRIAXIAL COMPRESSION

ASTM 4767: Consolidated, Undrained Compressive Strength
FReguest Mo, 2003-23  Test Dabe: 093

Stress Ratio varsus Axial Stramn

- 03-8544 ; Effective Conf.Pressure = 11.38 kst
| —a— 03-5548 : Effective Conf Pressura = 17.77 kae
—— D3;E|54§C . Effective Conf Pressy A= 23!—115 kao

Devigtor Stress versus Axial Strain

gL

Pare Pressure versus Axial Strain

4 2] ] 10 12 14 16 18
Axial Strain (%)

D-63

20



SW2-2 CUE Undrained Test Results Modified with Pore
Pressure Measurements
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CONSOLIDATED UNDRAINED TREAX!AL TEST by ASTM D4767

20__ e "~
EA -
> C

o - L
- \ i : -
—2-0-|.'....1...|..". T e T e S
o 20 e 50 BG 120 120
2, psi
Symbszl O A
. L . |semple ns) 03-954 | 53-954 | 03-254
' ! Test o 2 B s
1 - |Depth 5-17 | 15=17 | 15-17
100 4 S = Siornelter, in 2.875 | 2873 | 2.858
| 'i Height. in 5.48% | 5265 | 8.407
r | 5 [Woter Content, % 70 | 363 34.4
e e " E oy Densily. pe 82.9 | 8367 | 8287
2 ‘ - Sctuatien, % 96.7 935 20.0
2 u Vo'd Rotis i 1.03 1.01 1.03
% | . Woter Content, & 56.4 33.3 4.2
o 2 Dry Density, pef 84.03 85.11 87.82
5 . T Saturctions, 100.C 000 | 100.0
e - ETsd Roe 2983 . c.e81 | o0.c24 .
| T Beox Press., os 3¢ ¢ 3z C
~ |Ver. E:f. Gons. Stress, ps | 1038 | 1778 | 28.4€
. [Shear strengih, osi 30.62 | 30.52 | 32.8%
i T Istrair ot Feiure, % 4.2 5.3 7.1
: - [stor rote, %/ 003 .05 C.o8
204 A S EEE 5.83 028
2 13 3y ‘0 49 |Estimotes Spesific Srov; 2.7 2.7 2.7
VERGICAL STRAIN, CLauic Limit . - .
L Plastic Limit --- -m- ---
Froject: Suiter Byposs Weir #2 . ey | e |
_occiler: Boyie ;
Z gject WNo.: 03-28 5

: Sre by

+ Soturotion s

o CI\QL: |§

DNz




CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D4767
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August 6, 2003
To: Bill McLaughlin
From: Dave Bogener

Preliminary Review of the Proposed Lower Butte Creek Sutter Bypass Weir No. 2 Fish
Passage Project

Per your request, Ms. Gail Kuenster and | conducted a preliminary evaluation of
the proposed fish passage project at Weir No. 2 in the Sutter Bypass. The purpose of
this project is to improve fish passage over the
Weir No. 2 diversion structure.

A preliminary list of potential environmental impacts associated with the
proposed project is presented in Table 1. Potentially significant environmental issues
related to impacts to State and federally “listed” aquatic species have been identified. |
recommend that these issues be evaluated prior to initiation of final design as they may
influence project design, timing, and project construction options. | further recommend
that informal consultation with DFG, USF&WS, and NOAA Fisheries occur prior to final
design. This informal consultation will help identify the in-channel construction period
and development of project avoidance measures to minimize short-term construction
related impacts to species protected under the State or federal Endangered Species
acts (Table 2). Specifically, these consultations should focus on avoidance measures
related to Sacramento splittail, Chinook salmon, steelhead, and giant garter snake as all
of these species are known to occur within the project area and have the potential to be
directly affected by the proposed project. Limited additional survey for other species
including valley elderberry longhorn beetle, rose mallow, Wright's trichocoronis, and
Swainson’s hawk, may also be required during development of the project design.
None of these species was identified during initial field reconnaissance of the immediate
project area. However, access improvements, staging areas, and materials stockpiles
areas were not identified at the time of the initial site survey. Further no vernal pool
habitats were identified during field reconnaissance. No habitat is known to exist for
Colusa layia or the San Francisco campion. Preliminary field evaluations indicate that
the proposed project will not impact bank swallow, western yellow-billed cuckoo, or
willow flycatcher habitat.

The proposed project will require a US Army Corp. of Engineers 404 Permit for
Clean Water Act compliance (Table 3). The dredge and fill quantities involved in the
project may preclude use of some Nationwide Permits (streamlined permit process) and
require submittal of an individual permit which may require mitigation. The 404 permit
will provide the federal nexus for a Section 7 consultation under the federal ESA. A
formal ESA consultation requires up to 135 days for agency review after project design,
timing, and avoidance/mitigation have been identified. Consultation with both NMFS
and USF&WS will be required for project compliance. National Environmental



Protection Act compliance will be required if any federal funding is involved in the
project.

A RWQCB Water Quality Certification will be required for compliance with
Section 401 of the Clean Water Act. This certification will identify project specific best
management practices to minimize project impacts to beneficial uses of water. These
BMPs may include criteria to reduce erosion, sedimentation, hazardous material
releases. BMPs will also provide criteria for de-watering and construction methods,
revegetation, and monitoring requirements. A RWQCB stormwater permit may be
required if total soil disturbance exceeds 5 acres. Soil disturbance would include any
access improvements, staging areas; materials stockpile areas and construction areas.

A DFG Streambed Alteration Agreement (1601) will be required to address
project related impacts to bed, bank, channel and associated vegetation. This
agreement requires California Environmental Quality Act compliance at the time of the
1601 submittal. The proposed project could be considered categorically exempt under
CEQA. At least three Categorical exemptions could be appropriate for this project
including 15301-maintenance of an existing structure, 15302-replacement of an existing
structure, and 15304-minor alteration of land. However, the ESA take issues may
require preparation of an Initial Study and subsequent Mitigated Negative Declaration or
EIR for project CEQA compliance.

Several species protected only under the State Endangered Species Act occur in
this portion of Sutter County including bank swallow, willow flycatcher, western yellow-
billed cuckoo, and Swainson’s hawk. The project as currently designed would not result
in modification of bank swallow, willow flycatcher, or western yellow-billed cuckoo
habitat. However, evaluation of potential project impacts on nesting Swainson’s hawks
will require pre-project survey of areas within ¥2 mile of the project area during the
nesting season to meet the survey protocol for this migratory raptor.

Weir No. 2 is old enough to require evaluation of its status as a historical
structure for inclusion on the National Register of Historic Places and California Register
of Historical Resources. Surface cultural features are unlikely to be present at this
location due to historic sedimentation. However, buried cultural features could be
uncovered during construction.

Approval of the State Reclamation Board will be required prior to working in the
floodplain at this location.

Compliance with local ordinances may be required if some entity other than a
State or federal Agency permits and constructs the project.

If you have any questions concerning the information provided please contact me
at (530) 529-7329.



Table 1. Preliminary Environmental Issues Associated with the Proposed Lower
Butte Creek-Sutter Bypass Weir No. 2 Fish Passage Project

Aesthetics

Agricultural Resources

Air Quality

Biological Resources

Cultural Resources

Geology and Soils

Hazards and Hazardous Materials

Hydrology and Water Quality
Land Use and Planning
Mineral Resources

Noise

Population and Housing
Public Services

Recreation
Transportation/Traffic
Utilities and Service Systems
Public Health

Environmental Justice

Minor, short-term construction related impacts may occur

Minor, short-term construction related impacts may occur if agricultural lands are
used for staging or materials storage

Minor short-term construction related impacts may require dust abatement practices

Potentially significant ESA take issues related to inchannel construction window,
dewatering, and dewatering screen design may occur

Assessment of the historical significance of the Weir No. 2 will be required.
Potential impacts to cultural resources unlikely but project will require cultural
evaluation by specialist for permitting

No issues or impacts identified

Increased risk of release (cement or fuel) associated with the project. Project
design should minimize risk

Potential short-term impacts to water quality during dewatering and construction.
No issues or impacts identified

No issues or impacts identified

short-term construction related impacts may occur. Limit construction activities to
daylight hours.

No issues or impacts identified
No issues or impacts identified
Short-term construction related impacts may occur related to recreational fishing.
No issues or impacts identified
No issues or impacts identified
No issues or impacts identified

No issues or impacts identified
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Table 2. State and federally "listed" species known to occur in the
project vicinity

Class Scientific name Common name Status
Plants
Layia serptentrionalis Colusa layia CNPS 1B
Silene verecunda ssp. Verecunda San Francisco campion CNPS 1B
Hibiscus lasiocarpus Rose mallow CNPS 2
Trichocoronis wrightii ssp. Wrightii Wright's trichocoronis CNPS 2
Invertebrates
Lepidurus packardi vernal pool tadpole shrimp FE
Desmocerus californicus dimorphus |valley elderberry longhorn beetle |FT
Fish
Pogonichthys macrolepidotus Sacramento splittail FT
Oncoryhynchus tshawyyscha spring-run chinook salmon ST, FT
Oncoryhynchus tshawyyscha fall/late fall-run chinook salmon |FC
Oncoryhynchus tshawyyscha winter-run chinook salmon FE,SE
Oncorhynchus mykiss steelhead -Central Valley ESU FT
Reptiles
Thamnophis gigas giant garter snake FT, ST
Birds
Riparia riparia bank swallow ST
Empidonax traillii willow flycatcher ST
Coccyzus americanus occidentalis western yellow-billed cuckoo SE
Buteo swainsoni Swainson's hawk ST
Key

CNPS 1B-rare, threatened or endangered in California or elsewhere
FE-federal endangered
FT-federal threatened
FC-federal candidate
SE-State endangered
ST-State threatened




Table 3. Environmental Permits Potentially Required for the Proposed Lower
Butte Creek-Sutter Bypass Weir No. 2 Fish Passage Project

Federal
USACE 404 Permit-Nationwide Permit
Project currently appear to meet the requirements for use of USACOE Nationwide Permits
404 Permit can provide federal nexus for federal ESA consultation
Federal Endangered Species Act Compliance (see table 2)
Federally listed species are present, will need federal nexus for Section 7 ESA consultation
CALFED Funding would require preparation of an ASIP
NEPA Compliance (if federal funds or approvals are involved)
USF&WS special use permit (refuge lands)
State
RWQCB 401 Water Quality Certification

RWQCB Stormwater Permit (if ground disturbance involves more than 5 acres)
stormwater permit conditions can be incorporated into 401

DFG 1600 Agreement (requires CEQA compliance)
CEQA Compliance (Categorical exemptions may apply )
State Endangered Species Act Compliance (see table 2)
Reclamation Board Approvals

Local
Sutter County grading and or tree ordinance
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